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SUMMARY AND COKCLUSIONS

This report is an attémpt, almost wholly on the basis of open ,ource
material and without adequate opoortunity to laboratory-test equipm:nt, to
arrive at # reasonable con¢lusion as to Soviet capabilities in this very re-
stricted subject. Open-source Soviet literature reveals that the Soviets
have at théir disposal, not only a large number of well-trained per :ocnnel
worklng in the field of applied optics, but alsoc a corps of outstending theo~
retical scientists and the laboratory and industrial facilitles necissary to
develop an efficient and su?cessful optical industry.

The Soviet claim that they are completely independent of the Wost with
respect to optical apparatus should be accepted with some reservati-ns.

| Nothing very original in the field pf optical apparatus has been foumd in
Sovliet technical literature, although some Soviet photogrammetrical lenses
appear to be excellent, perﬁaps even superior in gome ways to the W.stern
lenses now in use,

Surveying instruments such ~s theodolites, chronometers, etc., appea;
to be adequate but no great originality is evidenced by the Soviets in this
fisld, Some ngiet gravimefors, however, deserve cazreful attention.

The Soviet tegchnical literature contains relatively little infermation
dealing with their equivalents of Shoran, Loran, Radar, and other e ectronie
instruments of Soviet manufacture. Of possible significance, however, is
the fact that the Soviets begen to pay sttention to the use of radic imstru-
ments for surveylng purposes earlier than did the Western petions.

The general conclusion is that the Soviet optical industry, in so far as
geodesy and photogrammetry are concerned, is in a state sf development com-
parable to that of the United States, with a difference in emphasis necessi-

téted by different georraphical and economic conditions and surveyirg goals.

?9-00202A0001 00080001-8
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I. 1 CT10

Analysis of construction of geodetic and surveying iqstruments in the
U.S.5.R, involves study of much of the industry and technological development
of that country and cennot be made intelligibdle without some attention to the
general problem. This situation becomes clear if we comsider the necessafy
prerequisites for the construction of any particular instrumeni, such as a
camera for aerial photographic work. 1In order to construct’such 8 camera,

wa pusgt have:

-&. A designer who is prert in problems of geometrical optics.
This involves considerable training at some scientific centear.

b, Availability of glass with very exact physical properties
which can be produced only by a highly developed glass industry.

¢. Avallability of metals, alloys and plgpstics required to give
. the camera the necessary rigidity and eace of operation. This

involves consideration of much of the metallurgical and plestics
industry.

4. The availability of factories where all the necessary parte of
the camera can be machined with the highest degree of precision
and in standardized mass production. This involves considera-
tion of Sovlet light industry.

Therefore, some attention must be given to thess general problems of

Russian industry and technology even in discussing such a narrow sutject as

the production of geodetic instruments,

A, SOVI LAIMS

In the field of optical instruments, the more recent Soviet publications

contain certain claims which may be summarized as follows:

(1) The Soviets, ctarting from a state of complete dependence,
have developsed a tremendous optical industry

\
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(2) The products of this industry are just as good, and 1n some
cases superior, to thoss manufactured abroad

(3) The Soviets are now indspendent of foreign couniries in
optical instrumentation

(4) There are many original inventions in Soviet optics

As an 1llustration of this attitude, the followingz statements are gquoted
here in frae translation:v

V. Ya. Mikhaylov in his textbook, "Photography and Aerial Fhotosraphy”,
1952,(1) says:

"In Tsarist Russia optical giass was not menufactured, ahd ther:fore
optical systems were not dssigned or manufactured...... The first cbjectivs,
Mekhar!, was designed by G. G. Slyusarev in 1924. At first the wor< of de-
slgners was limited to imitation of already-known designs, but in a short
time original Soviet objectives began to be constructed......

¥In the last fifteen years considerably more new and original work has
been done in the Soviet Union then abroad. Among the bettser-known origina}
Soviet objectives are a series of wide-angle objectives called 'Russar!, of
which Russar-29 is especially interesting. This lens has consideraltly less
difference in the degrse of illumination betwsen the center and the sdges
then is common in other wide-angle objectives, (designed by M, M. Rusinov);
an even wider-anzle objective called the 'Rodind , (designed by V. $. Rodin);
objectives of the Wran' type (designed by D. S. Volosov) 2nd the meniscus
mirror objectives of D. D. Maksutov......

At the present time in the U.S.S.R. there are many dozens of photographic
objectives of original construction. There are several plants manufacturiag

differsnt sorts of optieal glase",. ¢

Sty
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F. V. Drobyshev, in his textbook, "Photogrammetric Instrumente and
Instrumentation”, 1951.(2) has this to say:

"At the present time all kinds of photogrammetric instruments are manu-
factured in the Soviet Unlon......without the slightest dependence oan forsign
countries..cees

®An important role in the development of Soviet aerial surveyinz has been
played by M. M, Rusinov, who designed a geries of excelleé%, wide-an:le lenses
with focal lengths of 100mm. and 70mm. The 100mm. objective was mads in the
U.S.5.R. three years before a similar objective was manufactured abriad. The
70-millimeter focal length objective, using 18 x 18 cm. film and priats,

ezists'only in the Soviet Union"....
[}

-~ Y
I

P?. P. Kravets, in his review entitled, "Thirty Years of Soviet ptics®,‘-”
says:

"In thirty years the aspect of the Soviet optical industry has -hanged
beyond recognition. Before 1920, not one kilogram of optical glags was pro-
duced in our country. Now all demands of industry for this basic material
are satisfied by domestic productiﬁn. Importation of optical glass ceased in
1925, All needs of our artillery, aviation and navy for optical ins:irument.
guch as binoculers, range-finders, periscopes, aerial photographic cameras,
end aerial photo objectives are satisfied by our own plants. They a-e made
by Soviet engineers and workers, designed by Soviet scientists, put into prc-
duction by Soviet technicians and made from Soviet materials at Sovi=t plants®...

We should note here that all three Soviet authors quoted above are
well-known 1in optical research and are not irresponsidle politicians. Even
allowing for the fact that some glorification of Soviet acﬁievements is ex-

pected of every Soviet author, the contrast between conditions of Tsarist

G
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times and those of the present, is still noteble enough to vernit sr old man
like Profes:or Kravets to make such a positive statement,
In order to verify these Soviet claims we must next investigate the fol-
lowing‘components of the Soviet optical industry:
(1) Training of personnel
(2) Centers of resesrch
(3) Production of opticai glass

(4) Pactories of geodetic and photogrammetric instruments

1. TRAINING CENTERS IN OPTICS

a. Universitie
Of the 32 universities in the U.5.8.R, in 1950,(u) the following
thirteen had specializations in optics:

Agerbaydzhanekiy (in Baku)
Vil'nyusskiy
Dnepropetrovekiy
Yerevanskiy

Irkutskiy

Eazanskiy

Kazakhgkiy

Xiyevskiy

Latviyskiy (in Riga)
Odesskly

Saratovskiy

Tomskly

Uzbekskiy (in Samarkand)

In addition to these, Leningrad University specialized in the Theory
of Aetronomical Instruments.

It is difficﬁlt to ascertain just what is meant by *speclali-ation" in
U.S.S.R. universities. The term means more than ome or two courses n the
subject and some kind of specialists are supposed to be the final product of
such training. Presumably this training deals with the theory of optiics

rather than in the construction c¢f instruments.

{,\r‘ﬁ L = e -
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b, JInstitutes |
There are, however, several institutes in which the training of stu-
dents is definitely in the field of construction of instruments. Among these
are:
Len edskiy Institut Tochnoy M ik4 4 Optiki (Leningrad Institute of
Precision Mechanics and Opties), Leningrad, Demidov Per., No. 10. This Insti-
tute has five faculties (depgrtments) of which the following should he noted:
precision mechanics, specializing in:gyroacopic. nevigationsnl ~nd time 1nstru-
ments; optical mechanics, specializing in geodetic and optical instrments for
precision measurements.

Although the primary task assigned to this Institute 1s the tra’'nirg of
engineers in preciaion mechanics and optics, conkiderﬂh'o research is carri-d
on and at least two ser1&ls are published there, ("Trudy" (Transactians) and
¥Theory and Design of Optical-Mechanical Instruments®) in addition to meny
monographs. Its staff includes cne of the better-kncwn designers of optical

instruments, V. N. Churilovukly.

Mogkovgkiy Stankoinstrumental'nyy Institut (Moscow Machine Tool and Instru-

mentation Institute), MOSCOW, Per, No. 2-8. This Institute has as one of its

specialities the constructicn of optical instruments for rrecision instruments.

Mogkovskoye Vyssheye Tekhnicheskoye Uchilische (Moscow Higher Technical

School). Moscow, 2-aya Baumanskeya, No. 5. This is one of the older schools,
well-known for its excellency, which has a department of instrumentation, with
one of its specialities‘being optical and mechanical instruments for precise

\

neasurements,
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Mogkovgkly Institut Inzhensrov Geodezii._gerofctos"zgmk; 1 Kartografii
(Moscow Institute of Enginsers of Geodesy, Aerial Surveying and Cartography)

Moscow, Gorokhovskiy, per. No. 4. In this Institute there is a department of
Optics and Mechanics,.which specializes in geodetic instrumentation.

There aré no data available concerning the number of graduates from these
éenters of tralning. It is not unreasonaﬁle. however, to asgsume that at least
five students per year are graduated each year, either from Universitiés
(théo:etical training) or from technical schools (production training). Even
such 'a low figure would result i an amwel output of approximately 90 trained
personnel in optics. This output, repeated over a period of thirty years would
. result in hundreds of educated and experienced peopie in the U.5.S.F. who counid
be considered as gfperts in the various field of optics,

Some verification of this estimate may be found in the number cf coples
printed for each of the treatlises issued in applied optics published in the
Soviet Union. One of these by Professor D. S. Volosov, "Methods of Design of
Complex Photographic Systems®, l9h8,(5) is held in high esteem by specialists
in optics in the United States. 4 thorcugh knowledge of geometrical optics,
congiderably beyond the knowledge of the average university student in this
country, is required to completly comprehend this book. DNevertheless, it was
published in an edition of 5000 copies. \

Another book on the same subject by A. I. Tudorovskiy, "Theory of Optical
Instruments™, Part I, 1648 and Pert II, 1952.(6) a veritable encyclcpedia of
optical design, (1228 pages) was published in 3000 copies.

Apparently there is no question but that the Soviets have at their dds-
posal at the present time a very large corps of people skilled in the problems

of applied optics.
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2. CENTERS OF RESFARCH

Some fesearch in opticai instrumentation is done at all teaching centers
describéd above. However, ther: .re several centers which specialize in op-
tical research only, of whicjh the most important is Gosudarstvenyy Opticheskiy
Ingtitut GOI), (State Optical; Institute), Leningrad, Vas. Ostpov, Bir:hevaya
Liniya, No. 12-14, which wasj founded in 1918. A detalled account of the ac-
tivities of this Institute iie available for the period of its existence until
1035,¢7) but very 1ittle detailed information is available for the prriod
after that time. In 1935 iti had no fewer than 264 scientific worker: on its
staff, including such outstajnding_ Tigures in the development of the soviet
optical industry as |

S. 1. Vavilov (died in 1951)
D. $. Volosov

D. D, Maksutov

G. G. Slyusarev

A. 1. Tudorovskiy
1. V. Grebenshchikov

The role of Vavilov waé especially important since he was also the pre-
sident of the Academy of Sciences of the U.S.S.R. at the time. The actlvity
of the Institute includes all aspects of applied optics and is closely coor-

dinated with the needs of military esta.blishments.(a)

Tgentral'nyy ¥.-I. Institut iGoodezii___.g._g,rgg"xemki i1 Xartografii (Central
Scientific Research Institut!je of Geodesy, Aerial Surveying and Cartcgraphy),
Moscow., (TsNIIGAiK). Resejarch in optics ir this Institute is directed
toward the develovment of g;odetic and aerial surveying instruments., The most
important personalities her; are

M, M. Rusinov

F- 7. m‘owshev
M, D. Koanshin 2

=T
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but & number of other designers are mentioned from time to tiﬁe in the lit-
eregture, such as N, V, Viktorov, D. I. Aronov and A. Sh. Shakhverdov,

There are numerous other centers of research in vhich ihe prebleams of
optical giass and instrument design gre'treatad. One such center is the
Ingtitut Khinii Silikatov (Institute of the Chemistry of Silicates), icademy
of Sclences of the U.5,5.R., where Professor I. V., Grebenshchikov (al3o con-
nected with €0I) has been working since 1944 on the physical-chemical proper-
ties and synthesis of transparent plastics for purposes of applied optics.(g)
The development of optical glass also seems to be one of the responsisilities
of the Vsesoyuz. Nauchno—Issl;d. Institut Stekla (All-Union‘Scientific Re-
search Institute of Glass, VNIIS). Cne éf the staff of this Institute, men-

tioned in a recent publication,(lo)

M. A, Tsaritsyn, is also connected in
some way with GOI and is knowh as a.designer of optical apparatus. In the
Vses, N.—I.‘Instrumentalinyy institut (A11-Union Scientific Research -nstitute
of Instrumentation), the general problem of instrumentation is pursuec,

The most cdnspicuous gep in our information with regard to both training
and research is the activity of a number of secret lnstitutes in whicl work in

optics, probably, and in radio methods of surveying is certeinly being carried

on.

3. ZERODUCTION OF OPTICAL GLASS

A list of 73 kinds of optical 8lass manufactured in the U.S.S.R. ip given
in a source printed in l9h8(6) and repeated without changes in a 1951 source(ll).
The following table gives a suwmary of the optical glass availability in the

U.S.S.R., according to these sources:

SECHET
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. ¢
OPTICAL GLASS IN THE U.S.S.R.

Kind Degignation Rumber of kinds
Crown K il
Barium-Crown X i0
Crown-Flint kP 3
Bariun-Flint BF 6
Light Flint r 7
Heavy Crown oS 31
Plint F 5
Heavy Flint ~TF 6
Special ' 0 4

This, of course, 1is net & complets list of optical glasses mamfactured
in the U.S.5.R. 1In another‘source dated 1951(2) three kinds of optical gless
not glven in the above tabl§ are included and Volosov,(S) in 1948 refers to
experimentation with new lanthanum and thallium glasses., A claim ig made by
D, D, Maksutov, one of the best known designers of astrongmical instruments,
that the Soviet ultra-viole£ glasseé. K-8, F-1 and TF-1, surpess in quality
any ultra violet glass of foreign manufacture.(lz)

There are several plants in the U.S.S.R. manufacturing optical glass;
There is an experimental plént attached to the Optical Institute, but this
cannot be considered as producing glass for industry. v

a. Monufacturing Plants

The plants, LENZOS, (Leningradskiy Zavod Opticheskogo Stekla:
Leningrad Factory of Optical Glass), and JZ0§ (Izyumskiy Zavod Opticheskogo

Stekla: Izyum Factory of Optical Glass, in Izyum, Ukraine) devote their entire

o { .
. by i
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facilities to the manufacture of optical glass(lB’ lh).

In regard to metals, alloys and plastics the Russians apparently have no
lack in facilities or technology. There are dozens of ressarch institutes in
these branches of industry and constant experimentation with alloys :and plas-
tice is going on. In this connection one plant is frequently mentioned in the
literature. This is "Elekrostal" located in Noginsk (Moskva Rayon). It pro-
duces what might be called precision alloys for various purposss of lnstrumen-
taticn. Drobyshev(z) gives a list of 23 alloys and six types of plastics used
in photogrammetric instrumentation. Ball-bearings, micrometric screws, sup-
ports, cams, etc., all of wﬁich ere manufactured in Russia, are described.

Such auxiliary apparatus »s speclal lamps for instruments, levels, micro-
scopés, etc., are all manufactured in the U.S.S5.R. In short, one gets an im-
pression of complete independence of Russian designérs of geodetic snd nhoto-
grammetric instruments of the outside world. At least such a claim is made

very emphatically by Sovist suthors.

L, TFACTORIES OF GEODETIC AND PHOTOGRAMMETRIC INSTRUMENTS

There are a dozen or more factories in the U.S.S.R. manufacturing various
types of optical instruments. Specifically, geodetic and photogramneiric jn-

struments are manufactured at three plants: Aerogeobribor, Geodeziya and

Geofizika, all in Moscow. The first two are mentioned in a recent erticle on

geodetic instruments in the Soviet Encyclopedia of 1951. gbwever. e 1949
(15) ‘

‘catalogue of geodetic instruments names none of these factories. Instead,

we Tind a whole series of new factories manufacturing the same geodetic instru-
ments., There seems to be no doubt that here is an example of duplication of

name, the historic name and the name of the ministry to which it is attached.
L

LB
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It is even possible that these same factories may have identifying :umbers
also. It is impossible to identify each factory positively but with some
reservation the following tgntative scheme has baen worked out:

Asrogeobridbor: Za§od.GUGK

Geodeziya: Zavod Ministarstva Vooruzheniya SSSR.

Geofizika: Zavod Ministeratva Geologii

It is to be noted that:uhe names of Ministersivo Vooruzheniya (Ministry
of Bearmament) and of Geology w: s abolished in the reorganization ¢f March
15, 1953, so that further c#angea in these names should be expected.

(1) "Aqrogeopribor™® (fhe name is a combination of three Russian words
which mean aerial geodetic instruments).

& detailed descriptiontl6) of this plant as of 1939 is availabl=. It was
an outgrowth of a repair shép at the Main Dirécto;ate of Geodesy and Cartography.
It began actual operations és a facﬁory in 1933. As is typlcal of }stian
reports the author deals wi#h percentages rather than with absolute figures.
Thus, the mumber of workers in 1939 was 15 times the numbsr of workers in 1929,
but this lattér figure is nét given, It is known that in 1937 there were £00
workers' at this factory(17) , and in 1935 there were 122 people countad as
techniclans ;nd engineers(lé). The present contingent is undoubtedly much
larger. |

In 1937 the program of construction called for:

125 precision theodolites
25 5" universals

4 10" universals

re= T
.
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By 1939 instruments bearing mumbers in the 3,000's were issued, and in
1940, instrunent No. 5205 was mentioned. The factory was evidently -leveloping
very rapldly. It is undouhfedly the mﬁin‘factory for the production of
geodetic instruments. '

(2) "Geodeziya" (Geodésy). Moscow, Zatsepa, Malays Pimenskaya Wo. 1lk.
This factory, established in 1923, was a development of the ge;detic shop of
the Corps of Military Znginz2ers {(Leningrad). The first instruments were
manufactured in 1923, By 1928 it had proﬁucéd over 3,000 various iﬁstruments,
apparently all of small size, such as levels, theodoliltes, etc.(13). In 1927
it had about 300 qualified workers on its staff.

(3) “Geofizika® (Geophysics). Hoscow, Sokol'nild, Stromymka Yo. 24,

Thig factory was organized somewhat later than 1923 {no precise statement to
this effect has been found); First instruments were manufactursd iﬁ 1927.

This factory is a development of the small Pre-Revolutionary factory of Schwebe
and Tryndin (Moscow). |

(4) Zavod Ministeratwa Ceoloail (Factory of the Ministry of Guology):
This is a typical exampls of a factory attached to § ministry or dirsctorate
and which manufactures appa}atus for the needs of that ministry. I is known

that some gravimetric apparatus is constructed at this plant.(zo)

(5) Zavod Ministerstve Vooruzhennykh Sil (Factory of the Ministry of

Armed Forces): this factofy js constructing static gravimeters for the detailed
4
investigation of the gravimetric field of the U.5.S.R.

(6) Zavod Ministersiva Vooruzheniya (Factory of the iinistry >f Rearwa-
ment). As previously meatloned, this is probably another name for the factory,
"Geodeziya®. A recent soufce(ls) contains a description of a number of geodatic

and photogrammeiric jnstruments, such as optical theodolites, phototransformers

.
~r
5
F
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and stereocomparators, which are produced hers,

(7) 2avod G,U.G,K. (?actory of Main Directorate of Geodesy ani Cartography).

In all probability this is the same as the factory, ®*perogeopribor®. The same
aource(ls) of 1949 lists a number of instrumants menufactured at this factory,
such as stereoscopes, astrodomic universals, etc.

(8) laboratoriya G.U.G K (Laboratory of the Main Diractorate »f Geodesy

and Cartography) mamufacturss the Soviet multiplex and aerial cameras of the
Russar type. (Russar-29 isjdescribe& in Source 15).

In addition to these factories, there are a mumber of shops and smaller
factories attached to varioﬁs institutes, ministries, directorates, stc.,
where some geodetic instrumsnts are being manufactured. Sources (15) and (20)
indicate no fewer than aleven such establishments.

Of especial interest are two factor1e= not mentioned {n open sources.
Information concerning them has been obtalned from German technicians employed
by the Soviets after the war. They are:

(9) Kiyev Arsenal whefe main production is of ordinary photographic
camersas, bug gome simple geodetic iﬁatruments are known to be manufactured.(zl)
(10) Zavod 393'(Factofy No. 393 in Krasnogorsk, !oscow Region)} which

appears to be something liké the Soviet section of Zeiss(zz).

The above-named factorie s, (1) to (7), do not appear to manufauture all
of their own optical parts, such as lenses, mirrors, prisms, etc., but depend
in some measure on other fabtories‘where such parts are produced. . mong such
factories the following are?knovn; (7, 13) GOMZ (Abbreviation for ‘tate Optical-
Mechanicel Plant, leningrad, Vyborgskaya Strona, Chugunnaye Ul. No, 2a), LOMZ
(Abbreviation for Leningrad Optical-Mechanical Plant), and Zavod No. 19 (Piant

Fo. 19).

e T s o
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' In order to appraise the situation in the U.S.5.R. in the limit:d field
of our study we must look at it from the historical point of visw. The
Russians are proud of their optical industry because their older sci:ntists
remenber the time when the éimplest apparatus had to be imported froa abroad.
Their claim that "they are now completely independent of the West in regard to
optical industry® should be accefted in this gensej they can manufacture any
instrument that is necessary for thé satisfactory solution of their current
problems in serial surveying and geodesy butwnot in sufficient quantity to
satisfy their needs, Perhaps their instrumenté are not as good as those of
the West, but for the time being they are adequate.

There are two arguments against fhis point of view, Flrst, it is known
that German optical workers (especially from the Zeiss factory) were trans-
ferred to the U.S5.S.R. in large numbers. (Plaﬁt ¥o. 393). The second is the
extreme avidity with which the Russians pick up any bit of informetion about
technologlcal developments in the West. These two facts seem to contradict
very definitely the Soviet claim of independence of their technology.

It geems to us that naither of these arguments is decisive, Ir spite of
thelr dogmatism the Russiané are eminently practical people, They had every
rezson to respect Cerman technology and would not pass up a chance to learn
gomething directly from the Germans. No matter how good Soviet Instruments
are, the reputation of the Zeiss factory in opties 1s so_high that gny optical
men would be interested in getting first-hand information about this factory.
Moreover, exploitation of German technology is by no means restricted to the
U.5.8.R, 'It ie only the scope and ruthlsssness of Russian exploitation that
ig remarkable, The setting up of the Zaiss factory in the U.5.5.R. indicates

]
their desire to speed up rearmament.
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The other argument seems to be more significant. Soviet writer:; show
excellent acquaihtance with scientific and technological progress of the West.
They have an efficient sys£em of infbrmation whereby all papers published in
the West are brought to the attentioﬁ of Soviet scientific workers and engineers.
They appsar to be taking all‘measureé not to allow any new scientific idea or
invention made in the West %o pass u%notiéed. This attitude is quit: clear in
all Soviet scientific and technical literature and is confirmed by the recent
experience of German engineers working in the U.S.S.R. 3Again, interpyretation

"of this attitude should not be attempted without very thorough study of Soviet
social and political conditions. Thgs reaching for knowledge may me.n sevaral
things, such as that .

(a) The Bussisns have no originality, and are forever doomed to trail
behind the Western nations in their ;cientific and technological dev:lopment.
That is, in this respect the whole Soviet cosplex is considered to b2 more like
Japan, than Germany.

"(b) The cocial, cultural and pglitical background of the U.5.S.R. is such
as to prevent originality.

{¢) Scientific and technologicél development in the U.5.5.R. 15 still in
an imitative stage. With further progress of science and technology, Soviet
originality will assert itself.

A Sovief writer would subscribejto explanation (c¢) maintaining >ublically
that the state of originality has already been reached. In private zonversa-
tion he would probably admit that 1t;is *Not quite so yot, but it will dbe so,
and very goon."™

After much deliberation we also:accept tentatively the possibility (¢) in

spite of the fact that no satisfaciory explanation can be offersd to account

¢
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for the appearance of original, or nearly original, thinkers in science and
technology in the atmosphere of political and cultural pressure. The Soviet
scientific man somehow deveiops originality despite the rigid dogma to which
he must adhare, In our own‘field, the work Jf Grebenshchikov in cozting the
surfaces of lensss, of Rusinov in the design of cameras and of Mandel'shtam
and Papaleksi in radiclocation are sufficient proofs of incipient originality.
All thess developments are §aid to have occurred years before similar develop-
ments in the West, a claim that is very difficult to either substantiate or
reject. Nevertheless, it is fairly cleér that in these cases there was no
direct copying of Western inventions.

We conclude, then, that the U.S.S.R. optical industry (in the scope of
our interest) has the necessary sclentific personnel and sufficient industrial
base to become one of the bast industrieé in the world. This is mersly an
appraisal of potentiality, not a prophesy. There are other factors which may
not allow this industry to develop to its fullest extent., Such are, for in-
stance:

(a) ZLack of intermedigte personnel, highly skilled.wlrkers, foremen,
techniclans, etc. The Soviéts are conscious of this difficulty and have taien
drastic steps to obviate it, but evsan in 1952 the situation was bad n this
respect according to German }eports.

(b) T%e political system in which a competent director of a factory can
be dismissed and replaced byla technically ignorant party man.

{(c) The possibility of a ganeral purge such as occurred in the ¥=2ars

betwean 1935;37 when much talent and expsrience was lost to the Sovicts.

. o ;ar.a f-\ - .
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B. LIMITATIONS OF PRESENT $TUDY

The limitations of any attempt'to appreise the Russian scientific situa-
tion must be clearly understood lest we make very’érroneous conclusions from
the available sources of information. The sources of the difficulti:s of re-
search on the U.5.5.R. not sufficienﬁly appreciated Ly mary people dﬁaling

with this prodlem, can be stated this way:

(1) Extreme fluldity of the siination. This fact becomes very obvious
to anyone who has trisd to follow th; history of any particular reséurch insti-
tute. Several institutes merge into one, others split into several independent
institutez, atlll others siﬁply change their names, and there is a constant
reshuffling of these institutes among ministries, bureaus, directoraies, etc.
The general trend is toward multipliéatioh and fractionalization of »ffort, and
some recent Rugsian sources assert tgat thare are now 3,500 such institutions.
This figure is likely to be taken as:an example of Russian exaggeraticn dbut
ve consider it credible if it refers to research units rather than to organize-
tions knoﬁn as Research Institute:, There are some 1,000 institutions which
nay be properly referred to as reseaich institutes, and there is an undeter-
mined mumber of secret research inst?tutes. (Fo. 627 has been encoﬁntered)
In addition, all large industrial pl@nts have laboratories associated with
them, and in some cases a whole network of laboratories is attached o & plant
and employs hundreds of ressarch sciéntists and engineers. Further, innumer-
able government bureaus, directorates, trustgs, etc., have some sort »f research
unit attached to them. Soviet sources have stated that since the war the
nnmberlof research organizations has increased by 50 percent, and th= number

of sclientists engaged by them by 100 percent.

f\

'C Xﬁ'\’Dﬁ’?Q 00202A000100080001-8

;e
Approved For Release 1999/09/0 5



Approved For Release 1999/0 3 ;i I&yF 9-00202A000100080001-8
P SECRET

To keep traci: of 81l th-«- chhnges requires so much time and labor that
any varticular research group in this country is always in danger of using

obsolete information.

(2) ZExtreme secrecy of operation. In reading Russian literature sinc=

1950 one is impressed with ghe obécu&e language used, language that orobably
can be understood by a few initiatedjpeople and which is becoming ths most
striking characteristic of ﬁussian périodicals. If we tale, for instance,

such a seeningly innocuous subject aé fuel, we find in recent numbers of the
periodical, "Za Ekonomiyu Tapliva,‘ (Fuel Economy) factorles named caly by
abbreviations (such as GAZ,?ZIS, etd}), by numbers, by letters of the alphabet
(iike factory Ii), or finally by ihe name of its director (®factory the director
of which 1s comrade Ivanov®{). Su.ch books 4&s Armand's $esearch Institutes
of Heavy Industry,(7) where each insﬁitute is described in full detall are no
longer allowed to leave the U,5,S.R.

In a recent volure devéted to tha reciplents of Stalin prizes in 1650 tha
not unusual entry 1s: persqn 80 ani so, a member of g recsearch institute,
awarded the’ prize for the davelopmenit of & new instrument. Only by veinstaking
research and collection of éther ingormation on this person is it pessibls to
arrive at an intelligent guéss a.bduﬁat that instrument or institute aight b=,

At the same time, the ¢onstantjcomplaint of Russian suthors is that the
West does not appreciate thé scient;fic and technological developmer’ in the
U.S.S.R. (conspiracy of silence, stc.)

It geems to us that thé only s%fe principle in dealing with Ruesien material
from open s;urces is this: what we ierive from the study of these sources is
the minimum of Ruscian technologicai development. Ihe most importurt disceov-

eries and inventions are kept secret. If these discoveries are made independsntly

Approved For Release 1999/09/§ %%-@D%.E-OOZOZAOOM00080001-8



Approved For Release 198&/@%TDP79-00202A000100080001-8
¢

in the West, we shall hear of Russia# claims of priority. Surprises in this

respect are not only possible but absolutely inevitable.

(3) Lack of Knpwlgggg.‘ The ra?idly changing situation in the 1'.5.S.R.
end the strecy surrounding the Sovi;t scientific and technological develop-
ment make it sxtremsly difficult eveh for a person who is well versod in the
language to find the material necessary to form a balanced judgment :nbout
Soviet capabilities. The entire &ppérhtnﬁ stvch a8 this country had ‘n regard
to knowledge of German capabilities #s missing. In.19k0, on every waiversity
campus in the U.S.A. one couid find ﬁcientists Qho had personal acqui:intance
with their opposite members in Germa#y, who followed German developm-nts in
their own fields of 1nterest‘from yeér to year snd who had no necessity for
interpreters. |

Mogt Western sclentists are inc?edibly poorly informed about th: U.S.S.R.
Even in the days when Russian scientific papers were published, eith:r wholly
or abstracted in one of the Vestern languages, Russian scientific discoveries
were largely_oveflooked by the West.‘ Some well authenticated exampl:s can be
quoted, and there is usuailj a grain:of truth in the Sovisi extraveginnt claime
of priority. To Western sciéntists,jRussian and Soviet science has :lways been
& terra incognita.

Two examples illustrating this in our own fields are of interes.. In a
review of lenses used for aerial photography by R. Kingslake (1942 and 1947)
not one word about Soviet lenses can ‘be found (24). 1n an article bs J, C.
Gardner and F. E. Washer, 1948, which dealt with wide-angle, aerial > hotographic

(25)

the only mention of Soviet work 1s restrict:d to a
(26). and

lenges gpecifically,

quotation from a note by G. Slyusarev ln the same American periodical
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that on only one problem of geometrical optics. The authors were evidently

unaware that Slyusarev was one of the foremost Soviet designer of lenses.

One might think that the Germans would be better informed thanm this but
guch is n%t the case, In a recent review,(27) by K. Schwidefsky (19¢0) Soviet
lenses, Russar, Liar and Keonar are mentioned indeed but the informaiion was
derived from‘the Soviet periodical, "Geodezist", of 1938 ard it states tﬁat
®nothing is known about the performance of these 1ense§.“ No Soviet lenses
are described in the Zelss Index of Photographic Lenses‘za).

In a situation like thiﬁ there is simply no foundation to build upon, anﬁ

every elementary fact about Soviet organization, personnel, methods, ete. hus

to be established before an attempt of analysis can be made.

(4) Fragmentary Information. In any effort to unravel the U.S.S.R. situa-
tion one 1s faced with incomplete information even if the Soviets ars willing
to let this information out of their country. ,They publish so much «nd on so
many subjects thnt even with the most efficient system of scanning one is
likely to miss a few important items now and then. The strongest fastual part
of this report is the analygis of Russian photogrammetric instrument;. Two
books, both printed in 1951, by Drobyshev(z) and Skiridov(29) which wve obtainad
in June of 1952 are excellsat for this purpose. If we had had these books 2
year before we would have been spared the immense work of collecting, translat-
ing and analysing innumerable small articles published in various Russian
periodicals. '

It is to be remembered that this is not a report on the Soviet optical
industry in general, btut only in so far as it concerns the legitimate scope of

interest of the project. No attempt has besen made to utilize all avallable
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material on the Soviet optical industry. The problem had to be restricted by
considerations of time and available personnel,

There are evidently many developments in this branch of Soviet industry
that either have never been reported‘in open sources or simply missec dy us.

(1)

For example a source of 1952 speaks of many dozens (or rather "ma:y tens"

in Russian) of original Soviet lenses. What does this indefinite stztement

mean? To & Russian speaking;person it suggests something like 60 or 70, certainly
not guite a hundresd. In our inveatiéation we have come scross only 18 Soviet
lenses that have Russian names and are presumably either wholly of Scvist design

or are modifications of previously existing models, A more thorough search

would undoubtedly add more itsms to our list.

(5) ZLack of Tangible Proof. In respect to the subject of this report,

f{natrumentation in geodesy a;d photoérammetry, we must depend on what the
Russlans say themselves about their instruments, If we had at our disposal one
of their cameras for instancé, a labqratory test of it would be conciusive
proof of whether or not that it is really an iﬁstrument superior to enything of
that sort manufactured in thé U.8.4, Since this is impossible at this time, we
must assume that the Russiané are telling us the truth about their test of thaet
particular camera. On the whole this sesms %o be a safe assumption,

It would be difficult to imagines tﬁat in a book like that of Dr:l;saev,
published in 5,000 copies and officially adopted as a text-book for geodestic
institutes, that deliberatel& erroneous statements concerning performance of
ingtruments were made, Furthermors, mogt of Drobyshev's statements Lave been
checked against othsr articles and books cublished in the interval beiween 1930

and 1950 with no evidence of falsification found.

SELRET
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"\., ‘ The only concrete piece of evidencs relating to the Soviet level in the
optical industry that has come to our attention is an analysis of the camera,
Zorkiy.(B) believed to have been mada in Kharkov in 1950. The lens is not
identified, but from Soviet sources we derive the information that this was
probably Inductar-22, The camera was found to be a close approximation to the
German lLeica and compared favorably with similar cameras made in the U.S.4,
and elsevhere., The resolvihg perreof the lens was found to be exabtly the

same as given by us in Table 2 (Appendix 1) based on Soviet source information.

(6) Leck of Historic Perggectiyg. In dealing with the problem of evelua-

tion of capabllities in the U.5.5.R., we are faced with the deploratle fact

that our information refers to different periods of time. Obviously, 1f Scviat
. optical equipment of 1935 is comparéd with American optical equipmert of 1953,
no useful purpose is served, However, with the increase in secrecy about all
technical and scisntific work in the U.5.5.R,, much of our 1nforﬁation is
obsolste., Use of this information is absolutely unavoidable and necsssary in
drder to understand developments in the U,5.S,R., but the base for extrapolation
.of capabilities becomes too far removed from the present to be of atsolute value.

The sxistence of such a largs research unit as the Optical Institute in

Leningrad, of itself, would appenr to assure the rapid development in design of
optical instruments and experimentation with optical glass, However, the gap
between research and produciion nay be sérious. The Sowvlets eaphatically deny
this and &sssrt that this gap is much less serious with them than ih.other
countries. At any rate, without a serious study of the material putlished by
the Optical Institute and half a dozen other institutes our picture of the

U.S.S.R, optical industry is inadsquate.
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In fact, the best that can be done at the present time is to present »

picture, the components of which correspond to the status of the U,;.S.R

optical industry of different yéars with an unspecified, but we thiak rathsr

large, portion remaining concealsd from our view,
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II. GEZNERAL CONCLUSIONS

General conclusions of this study are as follows:

{a) In a discussion of Soviet instruments of geodeéy and photozrammetry
one cannot say merely that this particular instrument is good or bad. ZEvery-

- thing depends on the purpoge for y_h_Lg ihe instrument was designed. Most
Russian phétogrammetric 1nsfruments seenm t0 be designed for smll-scale
vhotography.

(b) Soviet instruments appear to be carefully made and, on the average,
are probably on the sams teéhnical level as those made in the U.S.A, and
elsewhers, -

(¢) Most Sovist instruments are either direct or somewhat mcdified copies
of well knoﬁn instruments bj Zeiis, Wild, etc. The only truly original instru-
ments identified so far are the Drobyshev Stereometer developed by 1945, the
Popov Stroboscopic Chronoscépe and fhe Molodenskiy Gruvimeter., However, thers
1s much evidence of Russian cleverness in changing details of instrumenté to
increase thelr precision or”to adjuét them for apecific purposes.

(4) Aerial cameras of the Russar type, if their descriptions are welid,
are extremely good for small scale wapping. Zvery effort should be made to
obtain these cameras,

(e) 1In regard to Russian claims 6f invention of 8o many instruments which
are probably copies of Westérn instruments, two explanations are possible:
either the Russians simply do not know of the existence of such instruments and
developed them independently (which does not seem likely) or their definition
of authorship is s0 loose that a few changes here and there in an instrument

allows them to consider it as their own invention.

LN = iy
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L
(£) The development of Russian instrumentation 1s proceeding along lines

more or less parallel with those of other countries with & difference of em-
phasis necessitated by the adhersnce to different methods of aerial surveying
and surface geodesy. Some innovations and changes in construction are definitely
Soviet contributions. In at least one case it is possible to show that a claver
device incorporated by Drobyshev in one of his instrumsnts in 1941, was inde-
pendently discovered by Wild Co. and used only since 1947,

(g) The idea that the Russians are cutting themselves off from the tech-
nological developmsnt of other countries and are ;iable to fall into a state of
stagnation should be definitely rejJected. There is overwhelming evidsnce that
the Russians are well aware of their deficiencies and that they are diligently
studying the technology and pure science of the West, This is clearly stated
in many of the official pronouncements of their leaders and should be guite clear
to anyone who has followed the Russian technical literature reaching this country.

_ 4 recent compilation(n) of Russian serials published since the war
shows that 47 Soviet technical serials deal exclusively with review of foreign
developments in science and technology. One of these serials is a digest of
foreign patents, comsisting of L2 sections and dealing with every branch of
technology. There are many articlas in Russian professional Perilodicegls and
many books dealing with foreign scientific developments., Almost every significant
American bhook on science is ipmediately translated by the Bussians and published
often in a greater number of copies than the original edition in the C.S5.A,
Emphasis on the teaching of foreign languages, especially English, in Russian
schools is strong, and the printing of English-Russian dicticnaries in every
branch of technology in a large number of copies indicates tha real nesd of

keoping up with the West. At least ten such dictionaries have been publighed

wECReT
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within the last three years, One, for example, on machinery and metil treat-
ment, was printed in 15,000 coples.

* ¥e mast assume then that the Russians are very well inform:d of the
technological development in the West, while we have an sxceedingly sketchy
idea of the corresponding development in the U.S.S.R. In fact, it miy be said
that the Russlans consider the West as some gort of gigantic laboratsry working
for them, They even used to publish a serisal franklf called "Foreign Scisnce
in the Service of Socialist Reconstruction®.

(R) There is little evidence of the nationalistic attitude towird instru-
mentatibn which would compel the Russians to use their own instruments even if
the& are inferior to the instruments produced in the West. 1In pre-war publica-
tions, tests of foreign-made instruments and their comparisons with Soviet mads
instrumants are very thorough and quite fair. For the more recent pariod our
information is scanty. The most recent material indicates one inter:sting
featurs: some instruments by Zeiss or Wild are described and praisad, but the
Sovietas neglect to gsay that‘these instruments are of foreign producfion. On
the other hand, they do not say that they were constructed in the U.3.5.R. Many
ingtruments that the Soviets claimed as their own invention have been traced to
foreign instruments somswhat modified and adapted for some particular problem.

The Russian attitude in this respect may be described as follows: thay
are sure they can produce just as good or even better instrumsnis than any mads
in the Yest, and they loathe to zdmit thaf even now they are compellzd to use
gome ingtruments of forelgn make.

(1) The Soviet claim of their independence on the outside worli in regard
to geodetic, gravimetric and photogrammetric instruments is justified as to

quality but probably not as to quantity. This cannot be ascribed to the fact

O e s
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that the Soviets captured ﬁhe Zeiss factofy in Jena, The noticeabls developinent
of Russian o?tical instrumentation is gulte evident since about 1935. In other
words the Soviets can manufacture satisfactory instruments for the .bove named
burposes, but the demand for such instrumsnts canno; bz fully met by Soviet in-
dustry, and it was necessary to transfer such a factory as Zeiss to solve the
Problem of adequate suppiy.‘ | :

(J) Considering the general status of Russian industry twenty years ago
»the development of optical instrumeﬁtation ie remarkable.

(k) This ranid dsvelopment of insvrumentation should be ascribed to the
Russian sy:stem of training, resedrch and production, especially to the fact that
regearch institutes and facpories ars under direct control of govermment units
which are primarily using the results of research and manufactured insiruments.

Li) The interval of time betwaen the invention of a new device and its
mass production is claimed by the Soviats to be wmuch shorter in the U.S.S.R.
than anywhere else in the world. These clalms ought %o be seriously considerad.
Reports bf research institutes always emphasize the fact that so many of their
inventions were adopted in industry. This is possible in the U.5.5.8. where they
do not have to considesr such prodlems as the infringement of patents, financinl
juetification of a new line:of instruments, or the state of the markat. Undoubt -
ed;y sometimes hasty decisions can be mede in this respsct, but one is impressed
by the thoroughness of tests to which a new model is subjectad befor: it is

- adopted for mass production.
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IXI. SOURCES

_.Something about the availability and reliadbility of sources hadé to be
snid in the body of the report as wéll ag in the appeadices in order to make
our representation of the situation in the U,S.35.R. logical and<coherent.- He
can now summarize our conclﬁsions and point out the zaps in our information
in these subjects touched upon in this report.

Obviously only a smalljfractioﬂ of all sclentific and technical material
published by the Sovieis is availabie in the West, This fraction is dimin-
ishing as the time goes‘on.t A general statement on this subject, without a
detailed study would be rash, indeed, but the situation in respect io geodetic
snd cartographic publicatiohs ié very definite. If we talke as an example,
for instance, the most important geodetic publication, Trudy TsNIIGiIK’ of
the 86 volumes published ithhe period 1931-1952 we have found with’the most
intensive search in this country and abroad, only 40 volumes; that :s, about
LYy percent. Mcreover, most of the available volumes were published befors
and during the wer. If we #eparate the coverage into the periods, 1931-194s
and 1946-1952 we have the following data:

Coverage 1931-1945 35 volumes out of 47 75 percent

Coverage 1946-1952 5 volumes out of 3% 15 percent

This situation 1is typiéal with all Russian material examined i: coanec-
tion with our project including such associated topics as physics, geoéhysicg,
etc,

It should be remembered that the situation describad above appiies to
publications, whieh from the oviet point of view are not secret. They are

openly cuoted in literature and for most of the missing volumes, complaets
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tables of contente are known. There can be little doubt that the most signi-
ficant develppments in sci=nce and technology in the U,S5.5,R. never zet into
print,

The next quastion is, then, whether the sstimated 15 percent of Russian
technical literature in our field is representative of the whole or thers
are some items that are deliber#tely withheld from circulation abroad?
Analysis of the sudbject confent of the missing volumes indicates that the
latter is a definite §0531bility since the withheld volumes, generally deal
with eome phase of the application of gravimetry to zeodetic problems.

The situation in respect to coverage of instrumentation in this repcrt
can be summarlzed as followé:

I, Instruments for phétognammetry: Coverage is considerad satisfactory
and up to date, due moatly to recent sources (2) and (29).

I1I, Geodetic instruments: Coverage satisfactory up to about 1045,
Many instrum:nts ars mentioned after 1945, but are very sketchily
described. "

II1I. Gravimetry apparatus: Coveraga satlsfactory and up-to-date due
mostly to recent sources (47) and (48).

1V, Photographic cameras: Coverage fairly satisfactory but oniy up to
about 1947, There may be significant developments in recent years.

VY. BRadio apparatus: Coverage most unsatisfactory. Descripticn of in-
struments stops in 1939 and obviously the present status of radio
instrumantation bears little resemblance to the situntion of 1939,

VI. Astronomic instruménts: Coverage satisfactory up to about 1950.

oy & g
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APPENDIX I

PHOTQGRAMMETR

In respect to {nstruments used for photogrammetry we are in a r:ither
favorable position bacause of the availability of twe -z2cent textboo:s on this
gubject written by acknowladged experts in that field: Skiridov(29)
Drobyshev(z). There ares also three other important and recent sourc:s of in-

(32)

formation:; a textbook by Veselovsikiy
(33)

, & chapter in Vol. 9 of the Sovist
ancyclopedia dealing with geodesy and a2 supplement to Soviet insiructions
for the compilation of themap ma scale of 1:100,000 which is devoted to these

instruments, There are also a large number of articles in various pariodicals

and serials discussing particular instruments.

1. Photo Rectifiers

o]
Drobyshav(h) describes five photo ractifiers which are designat:d as
follows:
Fotoreduktor of &.A. Popov
Fotoepireduktor of F. V. Drobyshev
Fototransforunator MGI
Malyy Fototransformeter FITM
Bollshoy Fototransformator FIB
The first two of these instrumen$s ars merely enlarging and redacing pro-
Jectors having no provisicn for tilt adjustment. Automatic focus is cbtainead,
in the first instrument, by mezns of a rhombic inverter and in the s:cond, by
e cam and follower., Both are extremely large instruments with limitsd uses.
The third instrument was daveloped at the Moscow Institute of Engineers of
Geodesy and Cartography (MGI) and is a true rectifisr although with 1 very

limited range. The adjustment of focal distances is obtained by a soiral canm

8T !
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coatrolled by a foot disc, The arrangément is undoubtedly satisfaciory but
takes up a grest deal of room.

The fourth and fifth instruménts are direct coples of the Zeise small rec-
tifler, SZC~IV, and large réctifier, S5EG-I. It is of interest to ncie that
the Russian names Malyy and Bol'shoy in connection with these instrumants mean
8imply small and large, and the Rﬁssians do not claim to have develcped these
lnstruments. On the cther hand they do not say that they are merely coples of
the Zeiss instruments, ‘

Nothing comparable to the Bausch and Loﬁb fully automatic rectifier is

describad,

2. Stersocomparatorgr

Two stereocomparetcrs are described by Drobyshev: 1, Horizontal'nyy Stereo-
komparator; 2, Naklonnyy Stereokomparator.® The first is exactly the same as
the Pulfrich-Zeiss stereocomparator, which is no longer manufactured.

In the second instrumsnt, ths plane of the photographs has been tilted to
make observations more convenient for a seated operator, Also, the jeast read-
ing has been reduced from 0.02 to 0.0l mn.

Stereocomparators were originally developed for work with terrertrial
photographs. They have never been in favor in the U.5.A. and have been largely
replaced by semi-automatic plotting instruments in West 3ur0peén courtriss,

Drobyshev states that these instruments were used for terrestrial photo-
graphs during the 1904-1930-pariod, but since that time they have been used alio
for aerial photographs, which nacessitated some changes. The instruments are

obviously in routine use in the U,5.5.R., since they are described in their
catalogus of geodetic and photogran%?tric instruments for 1949(15).

# See Figures 1, 2, and 3, pages 66, 97, 98 of Photographic sSupplement, Appendix VIJ.

Approved For Release 1999/09/01.- €A, RDP79-00202A000100080001-8
36



Approved For Release 19889/01 ¢ CHA-RDP79-00202A000100080001-8

At present Nistri in Italy and the Cambridge Instrument Company in England
manufacture stereocomparatofs. 'Thé precision of measursment in each of these
instruments, 0,01 mm., 1s the same as that claimed for the Russian A:vice, al-
though the system used for obtalning this pracision is different in 2ach of
the thrse. In the Soviet instrument full length glass scales, read by means of
a mechénical micrometer, are used. This method does not make allowsnce fo: the
possible shrinkage of the film, as is done in the British instrument by means
of a scale superimposed on the original photograph in the camera at th; time of
axposurs,

It is stated that the colliﬁation system of observation was aprlied by
Drobyshev seven years beforé it was adopted in other countries, This is doubt-
ful, since Pulfrich used the prinaciple in the first Zeiss Stereocomparator built

in 1901,

3. Stereopantometer of Drobyshevs

PThis instrument performs ths same function as the Abrams Centow Finder,
the Fairchild Stereocomparagraph,Athe Zeiss Stereotop, the Nistri S:iereographome-
ter, or any cémbination of ﬁirror sterecacops and parallax bar. Tha Soviet and
Jeiss instruments move the photographs wlth respect to stationary m=asuring
marks and stereoscope; the others movs the stereoscope and marks with respsct
to stationary photographs. So far as results are concerned, one system is as
good as the other. The fir:t results in a more compact but more couplicated
ingtrument; the second is simpler and cheaper to construct. The Soviet devics
introduces a luminous floating mark, vprobably a needless refinement in such an

jnstrument. Nistri has an attachment for producing an orthographic projection

#+ See Figures 4 and 5, pages 99 and 100 of Photographic Supplement, Appendix VIiI.

o : -
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at constant scale. The latest model of the Zeiss has a device for upproximately
correcting the effects of small tilts,
The Russian instrument is portable and is designed for use in field work,

expaditions, etc,

4. Stereometers

: The three instruments in this group represent original Soviet can;ributions
to the subject. No comparable instruments are manufactursed in the U.S,&, or in
Western Zurops, where such instruments are designed for exact determination of
elevations and for tracing contour lines on Photographs and used for compilation
of maps of scales of 1:50,000 to 1:25,000. All three Sovist designs are an ex-
tension of the principle of the stereocomparator based upon two premizes:

1. Both photographs will be maintained in the game plane regarilass
of the tilts which may have existed at the time of exposure .

2. The line of sight of the optical viewing system will be kep+
perpendicular to the plane of the photographs.

W¥hen tilted photographs are observed under these conditions, the observed
values of horizontal (x or height), parallaxes and vertical (y or orientation)
parallaxes will be in error, 1In order to correct these observed values the
photographs must be moved in‘the.x direction, in the y direction, ané about a
vertical axis not necessarily coinciding with the camera axis. These correctiéns
are applied by ingenious mechanicsl devices which automatically intrcduce the
required motions. In order to keep these devices simple, certain assumptions
are made; ie, primarily that the tilts do not exceed three degreas, The set-

tings of the correction devices 2re functions of the normal orientation elements.

L4
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A complete solution by this system would require thrze correction devices
on aach photograph. Apparenily such an instrumant hac not yet been constructed.
The three instruments described give only a partial solution, and further opera-
tions with the photographs are required in order to obtain complete nep informa-
tion from them, These instruments undoubtedly verform the function for which
they were designed, but in view cf the limited information obtained about them,
they seem to offer no advantages over the instruments in use in the west. Thay
are not adaptable for extemsion of control by bridging methods, and based on the
simplicity principle, it is doubtful that a high degrze of accuracy could be

attained,

Topographic Stereometer of Drobyshev¥

The end product of this instrument is elevations of ground points and or
contour linss drawn by hand directly wpon unrectified photographs. In this re-
spect it is roughly comparable to the Zelss Stereotop or ths Brock Stereometer,
except that rectified photographs are used in the Brock instrument. All of
these devices are subject to the limitation that each contour line iz at a
different scale,

Thig ingtrument is 2 larger and more precise model of the Topograéhic
Stereomzter., It is adapted to use sither glass platen illuninated from below
on papar platen illuminated from above. The y parallaxes are measursd and the
least readings of the correction devices are smaller 30 that more precive valnes
of the orientation elements are obtained, Contour lines ars drawn ty & pencil
attached directly to the instrument rather than by hand. The preci:ion of

measurement is stated to be 0,015 mm.

# See Figures 6 and 7, pages 102 and 103 of Photographic Supplement, Appendix VII.
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Xern Stereometer of Skiridove

This instrument is designed solely to determine the elements o~ relative
orientation of a stereopair by elimination of the Yy parallaxes at five pointe.

Elevations or contour lines are nof determined.

5. Instruments of Direct Optical Intersgectionm

These-are projection type instruments operating gssentlally on the same
principle as ths {ultiplex and Kelsh plotters. Again no new priacijles are
disclosed in Russian literaturs, but several intergsting innovations are described.
It is stated that stereoscopic vision is obtained by the use of polerized pro-

Jectors and spectacles, Western experimsnts with this system have rot been

successful.

Double Projector TeNIIGAIX

This instrument was apparently designed primarily for research in various
means of viewing the stereoscopic model. It offers a correct solution but hag
drawbacks for practical application. Variation between camera and rrojector
focal lengths and olate sizes results in different scgles for horizontal and
vertical measurements. Absolute orientation is obtained by tilting the base
table which could make drawing inconvenient. The two projector instruments

'cannot be used for bdridging.

Double Projector DPD-2 of Drobyshef

The instrument is designed for preduciag large scale topographi: meps
{scale, 1:2,000 to 1:10,000) from contact diapositives, The projectors are
disposed in a horizontal position and the relative orientation is performed by

introducing rotations te mirrers olated in front ¢f the objectives, A similar

# See Figures 8 and 9, pages 104 and 105 of Photographic Supplehent, Appendix VII.
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scheme was used in a German inétrument designed by Gasser in 1915. Absolute
orientation is still obtained by tilting the drawing table with resject to the
fixed projectors.,

The model may be viewed either by the anaglyph prianciple or by means of
the dlinking method. At present only Nistri applles the blinking m2thed in &
production instrument. Exﬁariments have been conducted in this couatry dut
éheie 1s no unanimous prefersnce for one method over the ather.

in end product the instrument is comparable to the Kelsh plott:r, but in

construction and operation it is much more complicated.

Sovist Muitiplex :

In photogrammet?ic principles and operation this instrument is exactly
the same as the instruments produced by Bausch and Lomb, %illiamson, and others.
Optically, th=s ultra-wide angle coverage, 1220, and the use of asphericeal
condenser lenses are of great interest. A distortion-fra: objective of this
angular coverage and the specifiod resolving power of 60 lines per nillimeter .
doss not exist in western iﬁstruments. To be significant this lens must be

complemented with a camera objective of equal angular covarage.,

6. Instrunents of Optical-Mechanical Intersection

There are many differeant solutions possible in this category. Those se-
lected by the Russians for development into worklng models are the came as those
uged in Western instruments. In pursuit of the national trend towards keepling
the photographs co-planar, a system is deccribed in which eXisting photo tilts

ars lntroduced by providing an adjustadle jcint in the space rods, 4 similar
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system was described in Swiss patents 251686 and 262481 by H. Wild i1 1948,

but no instrunsnt using this scheme has been built.

Stereo Universal of Skiridow

This instrument, lie the Kern Stereometer of the same designer, servss
solely to determine the elements of relotive orientation of two photographs
by elimination of y parallax in five points, In this instrument the vphoto-
graphs ars tilted, while in the sterecometer instrument the paral.ixz; are cor-
rected with the photograshs nmaintained co-planar, The use made of tqié limitad
information is not deseribed. It is mrobable that it is used for the settings
of other instruments in which the phoiosraphs are actunlly plotted. Another
nossible use is to aid in détermining the vositions of nadir points and iso-
centers, after which the photogrephs may be used in radial trianguiation with

results equal to those obtained in space trianguiation.

Radial Triangulator

The illustration, diagfam of optical systen, anq description are precisely

applicable to the Zelss nadi~nl triangulator.

Stereoplanigreph S P B and C-4 (Konshin)

The C-4 seems to be a description of the Zeiss Ltersoplanigraph C-4, whila
the S P B is the Russian copy of the same instrument. The photograph of the
instrument, the diagrams of the mechanical and optical systems show only minor
discrepancies from the Zeiss. However, the Russian model does emplcy luninous

measuring marks, not incorporated by Zeiss until the model C7.

Stereoscopic Universal Instryment RP-6 (Konshin)

is instrument is an attempt to reduce the complexity of the stereoplani-

gragh to speed up map compilation. It is not a universal instrument as the tarm

PEETE T

Approved For Release 1999/09%#:'MA-RDP79-00202A000100080001-8

in)
£



I
Approved For Release 1999?1)&4.-‘ alf’iREP79-00202A000100080001-8

is understood here, sincs it is adaptable for use only with near vertical
asrial photograpis.

In principle the instrument‘is‘a combination of a K = K Plotter and a
vertical sketchmaster, The photogréphs are oriented in gpace by mezns of
angular and directional motions. T@e elements of relative orientation obtained
in the Stereo Universal and Kern Stéreomater of Skiridov are probably used
for this purpose. The mirror stefeéscoye allows viewing of the entire model
at once, .?alf silversd mirrors give the impression of the model pr¢jected upon
the drawing table, Planimeﬁry and c@ntours are drawn by hand on this projected

modsl., The instrumsnt could not be expected to give a high order of accuracy.

5 Y ol i ol
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GEODETIC INSTRUMENT

Available information dealing with Soviet geodetic instruments :s not s
up-to-date as it was with reépect to instruments used in photograﬁmetry. De -
tailed descriptions later than 1940 gre lacking 2nd only a few gener:l state-
ments about the performance of instruments have been found.

A genaral review of the situ?ion as it was in 1948 i3 a.vailable.(Bu)

The difficulty of construction of nrecise instruments requiriang close co-overa-
tion of various industries i§ described. Soviet scientists and technicians hed
to gtart from nothing and ex:;»eriment‘with 211 sorts of allnys and optical devices.
It is of intersst to note thet, according to the author, "the develomnment of
Russlan geodetic instrumentaﬁion was‘necessitated not only by sheer impossibiliity
to obtain from abroad the nebessary number of instruments (presumabl:s for finan-
clal reasons) but also dy the poor tuality of many of these instruments®. Ex-
amples given include the 2% ﬁniversai Insfruments of the German firm, "Askanis®,
which were found to be guite unsétisfactory.

The author of this article regards the problem of construction of geodetic
instrunents in the U.S.S5.R, as solved. Greatest difficulty was encountered with
invar tapes and the problem was not yet considered as completely solved by 19¢8.

The optics used in geodetic instruments are described in great detail in

(35)

two articles by B. N, Begunov , but they refer to the year, 1037. At thnt
time no new devices were employed, but the description shows full comprshensicn
of details.

The important point to establish is whether the Russians show the nacessary

critical attitude toward thelr instruments or whether they are dominited entirely

SECAET
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by patriotic motives which would make them prefer a Soviet made ins’rument
simply because it is their own. In the detailed desecription of ins-ruments
avallable for the pre-war y@ars there 1s certainly no trace of exaggerated
nationalism. Foreign-mede and Soviet-made instruments ars very thoroughly
-tested and appraised on the;basis of thelr merit. The, tests are so uniformly
in favor of Soviet-made insﬁruments that one might suspect that unfavorable
tests are simply no£ reportéd. This, however, is only a suspicion und may
perhaps be explained by thelstrict supervision at factories which do not re-
leage Instruments unless théy are really goodf In the description «f work of
industrial establishments upsatisfactory production is often mentioned and
counted as loss,

On the other hand, tesﬁs of Soviet-made instrumants, when no comparison
with foreign-made instrumenis is involved, are usually quite frank in pointing
out the bad as well as good]features of the instrument. As an example of this
attitude we may consider th§ tests of the Astronomic Universal Instrunent, mark
AU, the first five of which wers manufactufed by the plan:, “Aerogecpribor®,
in 1935. They were tested ﬁy O Zverev(36), one of the foremost positional
astrohomers iIn the U.S.S.R.; in his deternination of astronomiec co-crdinates
at Laplace points in & geodetic network in the Caucasus Mountains. Points were
gelected near sea-level as Qell aé at high altitudes (up to 3,100 meters). It
wag found that the instrumeﬁt was of good stability, rotation about the vertical
axls was smooth and regular, the system of illumination wis excellert, and the
instrumsnt withstood the rouwgh treatment of mountain conditions. On the other
hand, this instrument which‘performed satlsfactorily at a temperature of 15°C
could not be rotated at all at a temperature of 3°C, and the micrometer showed

undue sensitivity to changes in temperaiure. These defects were discussed with

PSRN 5 ] s o
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the manufacturing plant's managemeﬁt which promised to correct these deficiencies
in later models., The general conclusion offered here is that with neacessary
improvements the instrument will be quite satisfactory for astonomic determina-
tions at points of I-order triangulation.

Such treatment of the problem certainly does not indicate any tndue emo-
tional attachment to Pussian-made instruments. On the other hand, the Russians
ghow distinct intolerance to whai they congider as excessive veneratioﬁ of
western technology. This attitude, so vrominent at the present time, was in
evidence long ago. It probably originated as soon as the Russians came to the
conclusion that they could build instruments of as high auallity as those made
abroad.

As an illustration of this attituds we may take the controversy about geo-
detic instruients which appears in "Geodezist® of 1937. XK. U, Smirnov, Professor
of the Military-EZngineering icademy, published an article very favorable to in-
strumants mamufactured by Zeiss and Wild. This article w-ws objected to by S.V.
Yeliseyev, oﬁe of the Soviet specialists in instrument construction A rebuital
by Smirnov followed. The upshot of this controversy was something that would
eppear rather strange to thé Western reader. The chairman of geode:y and astro-
nomy of the Academy, Prof. N,A. Urmayev, published in the same peri)dical(j?)
an excerpt from the minutes of the meeting of the faculty in which the contro-
versy was reviewed. It was found that Smirnov had not examined the problem
with a sufficlent améunt of criticism. He discussed only the favorable points
in‘the instruments of Zeiss and Wild, =nd not their defects, thus giving a dis-
torted picture of instrumsnt production abroad. Smirnov was given 1 warning
to improve his work in a technical and *jdeological-political™ senss, as "ra-

quired of every Soviet scientist".

g , 0T
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Smirnov found this criticism just and promised to0 imorove his &ttitude.

A, Bagés Apparstus. The essential part of the JAderin apparaius for
ﬁeasuring the length of geodetic bases adopted by the Russians is tha 24 meter
invar wire. The preparation of thess wires involved considerable difficulties
and up to 1937 the Soviets dependad entirely on the Carpentier wireg made in
France.

Tha first attemﬁts(BB) to break this dependence on foreign industry was
made in 1937 when first samples of Soviet invar metal were manufzctured at the
plant, "Electrostall'®, (in Néginsk; Moscow Rezion).

As is true of many indﬁstri&l plants, "Elektrostal'" maintains its own re-
search organiZatioﬁ which in this case i1y be considered =3 a research institute
of farrovs metallurgy. It is kﬁuwn that in 1934 there wers no fewer than 220

people working in this institute(l#)

and their number is now undoubts=Cly lerg :r.
Constant experimentation with all sorts of alloys is going on.

The first batch of invﬁr wires was tested in the field in 1937 and turned
out to be unsatisfactory. However, during the next year, wires of a sonewhat
diffsrent alloy gave a coefficient of expansion equal to 0.1 x lO-6 5o 0.4 x 10-6
and their tests were considered guite satisfactory.

At the present time, the Russians consider that the yrobiem of uanufacfuang
invar wires has been solved‘completely with the production of wires f any as--
signed cosfficient of expansion(Bg).

It 1s of intersst to note that the Russians are still experimenling with
this problem. They are manufacturing superinvar wires (the invar in which 5
percent of nickel is replaced by cobalt). These wirss wers: tested(un) under

field conditions in 1939 and 1045 and indicated a decided superiority over

ordinary invar wires in at least the coefficient of sxpansion (which turned
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out to be 0,26 x 10.6). waever, other propefrties, such as stability, are

not as desiradble,

B. Astronomjcal Instfumants. For the determination of agtronomic posi-

tions for I-order triangul%tion the Soviets, until about 1937, had ilepended
entirely on foreign made instrumeéts, expeclally those of Fildebranit and Wild.
In 1935 the plant, 'Aerogeépribcr“, began to manufacture Astronomic:l Univer.
sals (AU) with the minimumisCale division of 35",

Soviet astronomical i#struments are described in considerable letail in a
recent (1951) textbool:r in gractical Astronomy by K. A. Tsvetkov(ul). Thess Ln-
strunents are designad for the determiration of latitude and time with differant
degrzes of precision depen&&ng on the order of triangulation or of ..stronomic
determination. The stateme#t is made that the U.$.5.R. is completeiy indesend-
ent of foreign instrumentat;on but no data on the exact performance of instru-
mants are_given.

Universal instruments Kth&t is, instrumsnts for determination of both
latitude ond time) most freguently mentioned are AU 2 10, Uo5 and U-10. The
instrument, U-10, is iescribed in sbmewhat greater detail than the others(uz}
and is of the less precise Lind to be used for II-order triangulati:n and as--
tronomic determinations in ihe Arctic. The task of design was to provide wn
instrument of minimm size énd welght énd suitable for Arctic condi%ions.

The essential novelty éf this instrument is the incorporation «f a totally
reflscting »rism at the obj;ctive end, a feature not found in any instrument
made in the West. This is essentially the "broken-transit™ idea, well known
and extensively used everywhere but the location of the prism is most unusual.

The instrument is evidently designed for cbservations of circum-zenith stars

AR ‘f‘ﬁ}f K‘
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by the Horrebow-Talcott method. The divisions of the micrometric drum are 2%,
and it is stated that estinates c¢f one tenth of this division are easily made.
Work of this instrument in fhe Arctip region is considered quite satisfactory.

The Soviet transit used for the most‘precine deternination of time appears

40 be a very fine instrument. It is nmanufactured by the plant, TAerogeopribdor®.

The Bamberg transit is considered quﬁte obsolete. The interesting fectures of
the Russian instrument include the iﬁcorporation of a pricm at the cbjeciive
end (as in U-10) and stridiég level inétééd of a suspended level. The first
feature is definitely state& to eliminate difficulties of flexurs. The second
improvement is of more deba{able character.

There is‘no good description of the best Russian Universal Instrument AU
2/10 but there are several photographs of it which allow us to compare it with
the best western instrument?of thisjtyge, the Wild T4. Both instruments appear
to be remérkably similar, tﬁe same d;pendence on the suspension level, the same
impersonai transit micrometer, ths Qame orthodox broken typs idea (rot as in
Russian U-10) and apparently the same ultimate precision, perhaps scmewhat in
favor of the Wild instrument. Give@ the type of work to be performed with an
instrwnent, it is perhops iQPOSsiblé to expect any radical change ir the desim.
A few improvements here ond there 1§ all that can be expectad.

4An essential part of any astro@omic work is the chronometer. It was im-
possible to find any'descriétiod ofiSoviet—made chronometers except for the
general statement that Russian chrogometers are belng used and they are "not
inferior in juality to those made abroad'(hl).

Many auxiliary apparatns used by the Sovieis are described, but most of
then are not of any great iﬁterest from the instrumental point of view.' How-~

ever, it might be noticed that the Russians attribute much importanc: to the

‘J""\ ‘ if'"».
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determination of the personal équation of fisld workers and have developed
ssveral, rather simple, ap?aratus for this purpose.

Constant Soviet attempts to improve the reception of time signals de-
serves special notiee. Théy have developed for this purpose an apparatus
callad ths "stroboscopic cﬂronoscope”, which appears to be unknown in the
West, This apparatus is ciaimed to give the precision of time determination
up to 0,001 second., Stroéoscopic‘effect allows the determination »f the
speed of rapidly moving obﬁects by using very short period flashes of light,
and is well known in industry Its apnlication to astronomy was developed
by P.S. Pavlov in 1937. This instrumeat requires considerable equipment such
&8s highly synchronized motbrs and highly regulated flashes of light and is
obviously not suited to fiéld conditions. However, it is intensively used
by the Russians in their time-servica under laboratory conditions. The Shott
pendulum clocks for the ti#e sgrviée were duplicatzd by the Russiars as early
as 1937, In recent times iuch exparim=sntation has been done to adapt quartz
clocés for this purpose.

C. Surveying Instrumgnts. The Russians are manufacturing many types

of theodoclites of which mafks TT-?2 /6 and OP-02 are extensively used.

The first kind is supposed to give precision in the measurement of
angles with a mean error of 03 to 0%7. It is a rather heavy instrumeét
{weight 30 klg.) and it caﬁnot be used on top of triangulation towers, For
this purpose the “optical fheodolite“, 0T-02, with & precision of 1" and TB-1
with a precision of 2", were developed. Thelir weight 1is 10 to 12 klg.

In a recent textbook by Gussvg&a) a statemenf is made that the optical

theodolites TB-1 and TB-2 wers developed after 1947.

Again, a comparison with theodolites of this sort mads by Wild and Kern

f:; .
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doss not indicate any essential difference between the Russian-made and Swiss-
'maae ingstruments. Nor do the Russians claim any particular merit of their
theodolites except great rigidity and better optical system, Of particular
1nferest in the use of graduated glass circles in theodolites of mark OT 1is
the Soviet emphasis on weigﬁﬁ reduction. This feature is also used in Swiss
theodolites., The Russiansg épparently pay more attention to the practical
demands of surveying than t§ excessive precision required for both hofizontal
‘and vertical circles, Such a notation as 2/6, réfers to the smallest value

of division 2® for the horizontal and 6* for the vertical circle. I/nneces-
sary precision 1is always avoided to reduce costs and time of manufarturing.

‘ The Soviets have develgped"the tacheémeter type of theodolits which they
elaim is much better than agything made abroad. This is the Stodolkevich
sutomatic tacheometer, desc%ibed in detail in the textboolk by Chebotarev(uﬁ).
It is claimed that highly preciss differences in elevation are obtained by

~means of this instrument aufomaticnlly by means of an additional mechanical
device which replaces ths vértical circle. Such devices are well kuown in
the West. The ¥Wild Precisign Telemeter IM1 is designed for exactly the same
purpose as the Stodolkevichiadaption. The tacheometer model used mostly in
the U.5.5.R, is the TT50, wﬁich looks very similar to corresponding instru-
ments of Kern and Wild. |
Much the same can be said of precision levels and other suxilliary in.
struments.
The general conclusion is that Russian geodétic instruments ar» orobably
as good as those made in tﬂe West.’ The various featurc: vesizned by Eern and
'Wild as improvements over fheir 0old work, such as internal focusing, graduated

glass circles, optical mcyometers, etc. are also used by the Rugsiins, and

SEC: (&
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it i3 quite impossibls to ascertain whether the Russians borrowed taiese
features from abreed or devgloped them independently. The Russians seem to
be designing specific instruments for specific uses. They build noi just a
theodolite, but a theodolige to be hsed in the Arctic regions or at high al-
titudes or for mine—surveyiﬁg. Fro@ the point of view of actunl us:, con-
pactness and light weight may be ?ore important considerations than is pre-
cision, Cases are mentioned where surveyors were parachuted out of planas
in the remote regiomns of Yakutia to establish control points for aerial
surveys. Under such conditions orthodox equipment is of little use.

The Russian attitude toward thé west in this respect is extrenely cri-
tical but not unreasonable. They give detalled tests of foreign-mace theodo-
lites and find, for instance, that fhe Wild Theodolite No. 159 give: a mean
error in the determination of angleé of 056, whereas the Aerogeopribor the-
odolite No. 3019 in the same task géve the probably error of only 0"29, They
agcribe this to the greater:rigidity and better optics of the Russien
theodolite(ué).

From such a statement #he only‘legitimate conclusion is that Aerogeopribor
Ho. 3019 is better than Wil@ No. 159, but not that the Aerogeopribor imstru-
ments are generally better than ﬁili instruments., However, the Ru:csians have
undoubtedly performed many such tests and have come to the conclusica that
thesy can dispense altogethef with foreisn made instruments. We can de sure
that foreign made instrumenﬁs are weil xnown in Russia and are studi:d very

carefully, and any good features are very promptly incorporated into their

own instrumsnts.

=
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APPENDIX III

The Russians put tremeﬁdous emphasis on the application of gravimetry
to geodesy. This necessitatss menmufacturing of gravimetric apparatus on a
much larger scale than is customery in most other countries. Soviet models
are almost wholly based on apparsatus manufactured abroad and the bect avail.
able description in the textbooka(u7’ 48) by L.V. Sorokin (1950 and 1951),
one of the leaders in the fi214, glves no indication of revolutionary prin-
ciples in the construction df such apparatus, with the possible exception of
the gravimeter cf Molodenskiy. There 1:, however, much evidence of Soviet

cleverness in adaptation and improvement of already well-known instruments,

Free Pepdulunm A aratu:. ALl pendulum apparaius for the deterrination
of gravity can be considered as & further development of ihe original pendu-
Jum of Sterneck, At least 30 such Pcdifications are known and the Soviets
do not clzaim originality in‘this regpect, However, they have carried out
extensive experimentation and introduced many substential improvemerts,

Onse such improvenment wés the a&aptution of the unwieldy St¥ckreth four-
rendulum apparatus for field determinations, The original apparatus weighed
over 200 klg,, the Soviet model cmnly 30 klg. It was used extensively for the
pendulum gravity survey in Eastern Siberia, the Pam%r Mountains and the Arctic
and had a claimed precision:of 1 to 2 milligals. Such pendulumg are made in

the shops of the ﬁrctic InatltUtP, but apparently they are used in zll parts

of the territory of the Soviet Unicn(zo)
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The Vening-Meinesz apparatus for the determination of gravity =t sea
reached the U,5.5.R. 1in 1930. This instrument has been modified by the Soviets
~4in its unessential details (recording device), but apparently it is substan-
tially the same apparatus. It was used for submarine observations in the
) Black, Japan and Okhotsk Ceas.

Determinations made for the Casplan Sea, however, involved the use of
the Sorokin three-pendulunm #pparatué whicg was installed either on toard a
tanker or on a barge towed by steamers. This apparatus is not described in
the literature except for a statement that it has brass pendulums. In all
probability it 1s some modification of the Vening-Meinesz apparatus., Read-
ings are said to be consistent i the weather conditions are favorsble. It
is worthy of notice that = étatement is made concerning an extensive gravity
survey of seas in 1949-50 with this apparstus. The Vening-Meinesz epparatus
1s also used to make observations on land in regions subject to frecuent
earthquakes;

Any kind cf free-penduium apparatus requires lengthy adjustments and the
period of observation is vefy long.‘ Soviet instructlions for observotions
require continuous observations with the free-pendulum apparatus lasting at
least 12 hours. Both in thé U.5.8.R, énd in the ¥West many attempts have been
nade to develop an instrumegt that would reliably measure the force f gravity
in a few minutes. In the following paragraphs only ejuipment used bty the

Soviets is described,

Fixed Pepdulum Apparetus. This apparatus requires cbservations of the
vibrations of a rod which is fixed &t one end and supprlied with &« weight at
the other. Its use was introduced into gravimetric practice by Fathar Lejay

who made observations of tais sort in China, the Phillipine Islands and France.

nid
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The principles of this instrument were further developad by G.J. Rud: kovskiy,
so that the Soviets now refer to thié jpstrument as the Rudakovskiy Pendulum.
The Soviets say that they do not cpnsider this instrument as very prac-
t4cal since it requires verj careful handiing and all sorts of precautions
must be taken to insure dependable results. Very few such instrumen®s are made
in the U.5.5.R. and they are used in‘the general gravimetric survey. The
theory and experimental results cf observation with this gravimeter ire de-
scribed by M.E. Kheyfets(ug). Mean erroré of determinztion are of the order

of 2 mlg.

Static Gravimeters. Tﬁe Soviets evidently have experimented with gravi-
meters which depend on a principle different from that of a pendulum, A4s of
1939 they started using grafimeterskof the Ising and Boliden types; after the
war, Yott-Smith, Heiland and Norgaard gravimeters. All of these were found
to be unsatisfactory for oné reason or another, and at the present time,
Soviet gravimeters, GKM, GKA and VIRGC are said to be in slmost exclusive use.

GEM: This is the Iolodenskiy gravimeter, spparently an indeperdent
Soviet development. The essential part of this apparatus is a flat ring,
gituated in the vertical pl%ne. Oné point of this ring is attached to the
étand of the apparatus, fhejother ig connected with an elaborate lever with
a welght. The difference 1; the force of gravity ls measured by th- pressure
of thié weight on the ring.: The vrecicion of the gravimeter is staied to be
from 0.4 to0 0.8 mlg. ‘The Qéight of the entire apparatus totals about 25 klg.

The ring of the graviqeter is made of elinvar (L-invar, a steel-nickel
alloy with a very low coefficient of expansion). The ring and the lever are

\ H
in & special chamber, the temperature of which is controlled by a thermostat
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accurate to within severaljhundradths of a degree. There is also provision
for barometric compensation.

Readings by this gravimeter may be taken at any distance from the instru-
ments by means of a special device.

This gravimeter is exéensively used for the determination of gravity on
sea bottoms, the observer being situated aboard ship, No statement is made
concerning depth of such oﬁservations.

The Molodenskiy Graviﬁeter is advertised(zo) as belng made by the Zavcd
Ministerstva.Vooruzhennykh 511 (Plant of Ministry of Armed Forces), a rather
1nterestiné connect ioa. Thé mod=1l described there is KM-NIIPG-5, the weight
L8 klg. The initials GKM m?an: Gravimetr Kol'tsevoy Molodenskiy (Ring
Gravimeter of Molodenskiy);:NIIPG: Nauchno-Isgledovatel'skiy Ingti<ut
Prikladnoy Geofiziki (Scien?ific Research Institute of Applied Geophysics).

Teating of the Holodengkiy gravimeteré was carried out in 1949 by N.P.

Grushinskiy(50)

.  There are;evidently two types of these gravimeters; lgrge
medels, PG-O0 and PG-1, and §mall models, (KM-5 (No. 17 and 37 were used).
They were compﬁred with thelgravimeters of Norgaard (Nos. 268, 270, 271 and
327). The results of the test are not civen separatsly for the Boviet and
for the'Norgaard instrument#, sirce one gravimeter in each group was found to
be defective. Excluding thése, we get

Norgaard mean error 0.12 mlg.

Molédenskiy " w 0.67 mlg.

The corparison is thus in favor of Norgaard. This is admitted by the

Soviets. However, the Sovigt inetrument is undoubtedly very fine even with

the mean error given abaove.

<
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GKA: This is simply é furtherjdéve;opment of the gravimeter G, made
by A.M. Lozinskaya.' The improvements are in the astatization, lever, thermo.-
stat, etc. The weight of ﬁhe gravimeter is 13 klg., and the precision of
determination, 0.3 mlg. Iﬂ is stat%d that the adjustment of the apoaratus

and the readings of gravity at a selected point, can be made within 3 minutes.

Hgﬁgl_ﬁg;igg,Grav;peté;s. Theée gravimeters feature a spring, the ten-
sion of which is modified ﬁy the change of gravity. The Soviets us:d such
gravimeters as those of Heyhand and of Lindblad-Malmguist, but apparcently
found them unsatiéfactory.t‘There 1s no record of Soviet developmen® of this

principle.

Quartz Gravimeters. Fﬁsed quattz can be used in gravimeters instead of
metallic rings and sbrings %ut it hés disadvantages in being very brittle and
being subject to large vari;tion in‘the coefficient of elasticity depending
on temperature, This meansja vgry:caréful protection cf the quartz spring
which ig taken care of by‘a;sensitife thermostat and immersion of the spring
in speclal oi1l. The Sovietjquartz gravimeter, VIRG, developed by Pcddydbnyy,
Samsonov and Serov at the V%esoyuznyy Institut Ruzvedochnoy Geofizili (All-
Union Institute of Prospect;ng Geophysics, abbreviation VIRG, hence the name
of the instrument) appears to be a iery carefully made instrument cupable of
a precision of 0.3 mlg. Th§ welght of the entire instrument is 22 klg.

The Russians admit tha? the orinciple of this gravimster is very much
like that of the quartz gravimeter of Norgaard, but apparently their iaven-

tion was made quite independently.
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Variometerg, used for the determination of the second derivativ:. of the
gravitational potential are used exclusively in geophysical prosvecting but
are not of great importance from the point of view of geodesy. The 5cviets
manufacture two types of these instruments, the s§ called Z- and C- vuariometers,
which appear to be more or l=ss copies of the well known instruments first
designed by Schweidar. The Soviets do not claim any originality in this
respect.,

Variometers of type S-20 are made at the plant of the Ministry of
Geology, SSSR.

-~ NP T
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Many types of photogra?hic cameras are manufactured nt several Soviet
plants. Especiall& importaht is thg optical-mechanical factory in Leningrad,
.OptikofMekh&nicheakiy Zavodjimeni OGPU, usually referred to in Sovict litera-
ture as GOMZ (Optical-Mechaiaical Plant). This plant has attached to it a
large research laboratory i# which problems of optics are intensively studied
from the constructionsal poigt of view. The factory itself manufactures opti-
cal instruments such as binpcul&rs én a wholesale scale and also incividual
instruments for research wo%k. Indﬁstar Cameras Nos. 7, 13 and 17 pamufactured
here, are used for meteor study‘(for asironomical purposes as well =s in con-
nection with studies of uppér atmosﬁhere) and are claiméd to be of ligh quality.

Much investigation and design of photographic cameras for photogrammetric
purposes was done at the Lenlngraf Institute of Aerial Surveys before its
merger with the Central Institute of Geodesy, Cartography and Aerial jurvey
in Moscow (TsNIIGAiX). The;best knowvn decigner there is M.M. Rusincy. Prac-

tically all outstanding lenses for photogrammetry are of his design.

1. Photographic lenseg
Soviet development;in photqgraphic lenzed, according to Soviet
writers; followed approximately the same course as the development of other
apparatus. At first, there;was ebsolute dependence on foreign-made lenses,
then came a more or lecs slavish im’tation of Western production, and finally
complete igdependence of thé West wag attained,
Cnz way to increace thé field of view of cameras for asrial photography

is to combine several cameras into one unit. This introduces mechanical

Ay p“\ - ey
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difficulties as well as difficulﬁies in the laboratory treatment of *he pho-
tographs obtained. The Soviet- Eonsidered the L-lens avparatus by Zeiss and
the nine-lens camera by Ashenbrenner and by Tairchild and, in fact, constructed
their own 9-lens squipment. However, later developm=nt of Russlan c.neras

hasa been concentrated on thQ use of singls objectives.

Becsuse of the difficuity encountersd in systematizing heterogeneous
Sovist meterial in which all lpn.uq, both Soviet and foreign made, ars grouped
indiscriminately and ths usa of lenses not always indicatod it was lecided

~to list all of the lenses which can be identified as of Soviet mgke. In the
following tables, I to V, tﬁe notation 3 as follows:
. £ mm: focal length of the lens in millimeters

£/ : focal ratio

28 : angle of the fiéld of view

Res. Power: resolving power in the penter and on edges whenever ascertained

Size of photo: in centimeiters

Camera: this is known:in comparatively few cases.

In combining the data for tablés I to V, many minor discrepancies were
sncountered. Results given in these tables repra#ent our best efforts to
reconcile these discrecancies, using all information avajilable here at the

present time.

g;~CI&A IiDP?g' 00202A000100080001-8
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Table 1

SERIES "RUSSAR®

Degigner: ¥. M. Rusinov
Application: Photogrammetrj; gcele 1:100,000 and smaller,
Claimg: much larger usable field of view than in any other lenses.

Tumber of componeats: 6

Rggglvingg; Size of

tgg;k fom £/ | 23 Center Zdee Photo (cm) Qamgrag

Russar la 100 5.3 140° 12 18 x 18

Bussar-§ 120 45 104° 15 23 x 23

Russar-16 60 12 ‘126° - - -

Bugsar-19 100 €.3 3103"" 20 10 18 x 18

Russar-22 20 8.0 122° 26 4 18118

Rugsar-25 98 6.8 1110° 23 L 18 x 18 A Sheh /FA-2

Russar-25a 70 £.8 22° 20 10 18 x 18

Russar-26

Russar-29 70 6.8 ‘1220 :26 12 18 x 18 RMK C-5

Russar-30 120 6.3 120° 30 17 30 x 30 3%/ 20-M\FA 33/12
~ Rugsar-31

Russar-33 100 6.8 122° - - 30 x 30

Russar-Plagmat 210 3.5 70 A Shch ~FA-2

QrMRE T
| DL (St
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Table II

SERIES "INDUSTAR®

Degigner: wunknown

Application: aerial surveying cameras, CODY cameras

Claims: high resolving powér, good illumination, small distortion
Wumber of components: 4 |

i Power Size of
Mark £ £/ 28 Center Edge Photo (cm) Car=ra

Industar-2 135 h.5
Industar-4 210 ns  46° 30 13 x 18 AFANM
Industar-7 105 3.5

Industar-10 50 3.5

~11 210-1200 4.5~ .b Reproduction
Industar-11 210-1200 4,5-9 E ‘ S or
’ Cartography
o L. € 23 18 x 24 FAFA-13; AFA-13
Industar-13 300 5 | 5 3 1937 iRl
Industar-17 500 5.0 32 18 x 24  NAFA-3_
- s 4% o 20 PED; ZOYKIY
Industar-22 ot 73 1 Reprod. App.
PU-2
" Ipdustar-23 110 b,5 52° 6 x9  MOSEVA-TII
Industar-51 210 ns  s6° 16 13 x 18 AFA-DM; NAFA-19
00 0 b 30 30 x 30 AFA-3
Industar-A 5 5 A?Asj /500
QF RET
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Teble III

~ SERIES "URAN®

Designer: D, S. Volosov |
Application: Aerlal survey, possibly infra-red work
Claims: great speed

Number of components: 7

e

| i Reg. Power Size of
Mark fum £/ 28 enka _Edgze Photo (cm) Camera
Uran-4 250 2.5 54° |

Uran-9 250 2.5 Sho : 40 18 x 18
Uran-10 100 2.5 60°
Oran-11 250 2.5 54°

TABIE IV

SERIES "YUPITER® (Jupiter)
Designer: unknown
Application: general photagraphy, ﬁonnection with zaerial photography not clear
Clains: nothing spaecific i, Jjust aigood leas

¥umber of components: 5

; 3 Reg, Power Size of
Mari _fmom ‘i/; °B . Center Rdge  Photo (cm) Camera
Yupiter-3 52 1,5  4s5° 24 x 36 K17V
Tupiter-8 52 2.0 4s° . KIYZV
Yupiter-9 85 2.0  28° . KIYEY
Yupiter-11 135 . 4.0 18° . KIYEV
Yupiter-12 35 2.8  63° . KIYEV

Approved For Release 1999/09/01 : CéA-RDP79-00202A000100080001-8
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OTHER OBJECTIVES

Table V

‘ Reg, Power Size of
Mark fom £/ 28 Center FEdge Phoko (cm) Camers

Rodina-2 46 8.2 140° 18 x 18 Photogrermetry?
Orion-14 200 6.3 9£° L2 30 x 30  AFA-33/:0
Orion-l |
Ortagoz 135 L. 5$° FOTCKOR
Equitar 250 2.5 148°
Quarz 120 4.5 |
Liar-6 100 5.4 106°
Telemar-2 750 6.3 3?° 30 30 x 30 AFA-33/75
Telemar-7 1000 7.0 2§° 28 30 x 30 AFA-33/100
Pelefoto-F3  L4OO .,LP' 5 24 13 x 18
Ortodinar 210 2,0 5é°
Arktur 180 b5 33 18 x 18
Iniar 360 3.0 Infra-red
Arktik 518
Gelios 1.35
Iuch 180 Phototrensformer

| FTB
Tafar 100 4.5 930 &0 18 x 18 Photogrumuetry

oty
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There is very little material available for comparison of Sov.et lenses

(30)

with those made in the West. Veselovskiy , 1945, gives the following com-

parison of Russar and Tafai with the Zeiss Topogon:

Table VI
SOV1ET OBJ“CTIV‘S FOR PHOTOGRAMMETRY

Objective fmm 28 LHggativeggg, Res. Power Digstortion in 0,01 mm,

Russar la 100 5.3 14%0° 18 x 18 12 5-7
Russar 5 120 4,5 104° 23 x 23 15 5.7
Bussar-19 100 5.3 104° 18 x 18 15-20 527
Russar-22 70 8  122° 18 x 18 15-20 1-2
Tafar 0 45 70 18 x 18 40-60 >1
Topogon 100 6,3 93 i 18 x 18 20-25 25-30

Off-hand, this table éhows the great superiority of Russian lenses over
the Zeiss lens and in fact +he Russians are emphatic in stating this superiority.
Howsver, some modification muut be 1ntroduced into this claim in order to

arrive at a reasonable conqlusion. This is done here by sach lens separatsly.

;agggggg this objective can be ussad for almost any kind of phstographic
work, It is made in different models, but there is little detailed descrip-
tion of any of them. It is stated(ao) that this objective is part of the
aerial camera, AFA-13, and has the focal length 300 mm,, with the ritio £/445.,
Apparently it has proved un;atisfacfory for precise photogrammetry .nd is

seldom mentioned in the more recent literature on this subject. It appears

QECNET

P
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‘ ‘ 1 f
to be a copy of the 2Zsiss, “essar, and is admitted to be such by th: Sovietsﬁll).
It is a very useful lens fdr various vurposes and there iz evidence of exten-
sive experimentation with its design by the Soviets. Available dat.s on the

i

Industars are given in Ta.blje TI.

Tafar: the situation #s approx;mately the same, This lens was used in
cameras of the TAFA type b@t in more recent literature it is rarely mentiomed
and one gets the 1mpressiod that it:is of small importancs., This may be in-

correct, since the lens is pndoubtealy a good one,

Liar: Liar-6 was the f;rst sigpific&nt original contribution mide by the
Soviets. It was designed b& Rusino% apd Yozyrev in 1931 with a fie’d of view
100°, f/5.4 and f = iOO mo. It is étated that Zeiss succseded in producing
1ts Topogon with the same ﬁield of ;iew only in 1936, The Liar lens was de~
slgned for use in aerial su;veying &scale 1:106,000)(51) but later it was
elmost wholly supplanted bijussar ébjectives.

Ruginov is not the onl& designér of lenses for aeriel photogra hy at the
‘TsNIIGﬂiK. Sevzral other lénses fo% aerial photography are referrel to in
Russian literature but appa%ently tﬁey weres proved unsatigfactory for mass

| production. Such are, for ﬁnstance; the lenses designed by Yezhova (§/18,

angle 110°) and Mindlina (£ 14, angle %0°),

Bussar. This 1s a really fins series of lenses and if the Soviet de-
scriptions are to be trusted, they ére among the fin=gt wide-angls lenses in
the world.

The claim of excellentlperformance for the Russar lenses is co:fined to

their use in obtaining small scale aerial vhotography and can be swmarized

Q ooy e e
Sl G B
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by stating that the whole field (or very nearly so) of view is usable because
of the following factors:

(a) The resolving power, while not as great in the center as in some
Western lenses, remains practically,the same almost to the edge of ~he plate.
Curves oé resolving power for Topogon, Orthometar, Russar-19 and Ru:sar-15
‘are given in source (1). | .

(b) fThe falling off of the degree of illumination is not as rapid as
in other lenses, belng proportional to Cos®B rathsr than to Cos*B. This
subject is discussed at some length by Volosov(5).

(e) Distortion is much smaller than in other lenses.

It is impossible to come to any definite conclusions in regard to these
claims without much greater =ffort that séems advisable in connacticn with
this project.

It is advisable that a;tention‘be oaid to one fact thri seems to indi.-
cate that the Soviets themsﬁlvés do not quite belisve what they say themselves.
»This statement relates to experimentation4with the Russar lemses, (the latest
known is Mark 33) all of which haVe‘approximately the same characteristics.

If the original Russar 1 wa§ as sood as it is described by the Soviets to be,
continuous small changes in desi.n would s2em to hove been umnecessiry.

The Industar, Tafar, Liar and Russar lenses are the only ones rentioned
in gources (30) and (32) which refer to problems of photorrammetry :nd aerial
surveying. No other lenses‘developed in the U.3.5.R, are mentioned in the
professional journals, "Geodezist™ and "Sbornik NTPS". One is left with the
impression that the Soviets have succeeded in developing a very fine lens
like Russar, but have 11litle else aﬁ 2ll comparable to the great vuristy of
photographic lenses in the Western world. This imprescsicn is altogether

Approved For Release 1999/09/01 : CIA-RDP79-00202A000100080001-8
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erroneous, hecause a number of sources (52), (53), (54), dealing with military
applications of »hotography, definitely indicate to the contrery. he Soviets
have designed many other lenses which appear to be of high quality :nd are,

in fact, stated to be supericr to similar lenses made in other countries.

Some of these lenses can be used for vprecise photogrammetric work and in all
probability are go used.

This curicus discrepancy in the description of the situation bitween the
two kinds of sources ncy be accribed to the striet censorship of evirything
that is in any way connected with military zetivity. It is guite irpossibie
t¢o helieve that the Russian photug;ammefrists did not inow of such _enses,

In the Bussian encyclopedia, ®Geodeziya', page after page is filled with
aralysis of foreign lenses while the Russian lenses, Arktik, Uran and Orion
are not even menticned. In the sources published by the militery these same
lenses are praised as the finest product of the Soviet optical induitry.

An attempt has been made to correlate Soviet lenses with simil::r lenses
made in the West.

The Soviet leng, Industar, appears to be very nearly the same :s the
Zeigs, Tessar; the Soviet lens, Orion, is practically identical to the Zeiss
Topogon; the Soviet, Ortogoz is very similar to the Zeics Dogmer; and the
Soviet, Uran's forward side is quite similar to the American lens, Zittar.

The question is then ralsed as to who first designed these lan:ies and
vh2 was the imitator, There can be no question but that the Soviet: copied
Zeiss lenses., The influence of american design is less obvious, and it is
possible that both the Uran and the Zktar lenses can be itraced to some origi-

nal German planar. With the sst.blished fact of the originality of the Liar

| i G ET
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and Russar lenses we can only ;tate that the Sovieis can do origimal work in
optics and are also very clever imitator

However, we scarcely deal here with simple imitation. There is consid-
erable avidence of a Soviet attitude which is very critical of the rroducts
of the West which w;uld not vermit the lcviets to accept the Westerr produ-
cers?! claims on faith. Western‘lenses are very carefully discugsed by
Voloaov(5) and TudOTOVSkiY(G). Volcsov, for example, gives a detailed analy-
gis of the Zastman Xodek lens, Aeroektér; He points out that the Aercextar
is based on Rudolf's planer and takes exception to Bastman's claim that the
good performance of keroekter devends on the introduction of the nev lanthanom
glass, FEK32 and ZK33 for the 7ifth and sixth positive components. Volosov
finds that replacement of tﬁese plagses by Soviet glass, TK1l, results in

.practically the same performance of the lens, He admits that the introduc-
tion of the new tyves of lasces is the greatect development in the last 60
years but they should be ugsed only when éhey are really needed., Investiga-
tions of these new types of glasses are being carried on in the U.E. S.R, as
well as abroad.

The whole problem of ethics of imitation has no application here. The
Soviets take from the Westérn world what they consider useful. There is no
particular odium attached to copying foreign lenses and calling then sémething

. else. The Bausch and Lomb lens, Metrogoen (£7¢.3, 2B = 930) looks very much
1ike the Zeiss Topogon which has exactly the same focel ratio and fi=1ld of
view. It is, however, definitely stated that the design cf the Hetrogon is
based on that of the Toocgon, so that nobody is misled(55). The jistification
for ths change in the nome is that, if similar but not identical glass is

used in the lenses, it is necessary to reco: pute the whole system. Following

SE o ET
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the formulae of the original manufacturer, even if they are lmown in all d=.
tail, ‘is not possible. In this sense there cannot be direct copying of lenses
and considerable creative work ié necessary.

If wve turn again to the Sovie§ situation we find that the vovie! reader,
especially a young student, is likely to get an exaggeruted idea of soviet
ability to produce good lenses., From all the mass of Soviet literature ex-
amined in preparation of this revort only one statement hcs been found, and
that in an astronomical sourcefll) in which the author mentions the Zeiss
lenses, Tessar and Dognar, and seys in parentheses that these lenses ore
known in the U,S.S.R, as Industar =and Ortogsoz. It is curious that in some
sources the Zalss Topogon is seVefely ¢riticized while in others the !oviet
Orion (which is nothing but a cory of the Topogon) is praised as one of the
finest lenses manufactured in the U.S.S;R. It is immogsible to decide with-
out a much more detailed study whether such an attitude is simply a menifes-
tetion of nationalistic feeling cr that the Soviets have succeeded in remov-
ing the defecte of the original Zeiss design. Information collected on other

lenses is not extensive,

Orion: as stated before, this appears to be a direct copy of ths Zelss
Topogon. The Orion-la is us2d in the aerlal camera, AFA-33/:0. The focal
ratio and the field of view are identicel with those of the Topogon and Bausch
and Lomb, Metrogon. The transmission coefficient is 0.75.

The resolving péwer in the center is 35, at the edre, (that is u5° from
center) 4 lines/am, The corresponding figures for the Metrogon are 55 and
28; that is, in respect to resolving power, the fetrogon is far superior to
the Orion-la. There cre no other data on the nerformencz of the Orion lens,

but it is possible thet further Improvements have been made.

Approved For Release 1999/09/01: CIA-RDP79-00202A000100080001-8
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Uran: (table 2) this is a very complex lens with seven elemenis and o
rather small field of view. In comparison with the Zktar, its resolving
power is greéter in the center but falls of more rapidly toward the edge.
The coefficient of transmission is 0.7; for the Ektar, 0.8. The fi»id of
view cf the Uran-9 is only one-half of that of the Ektar, znd it is rather
puzzling why the Soviets praice the Uran lens so highly, unless som: further
improvements have been made. The range of achromatization sugcests the ﬁse

of the Uran lens for red and infra-red worik,

£

Arktur: Nothing is known about this lens except the data given in

Table 5,

Ortagoz: This is a copy of the Zeiss Dogmar and is used in Fo:oker
camerac. No description of this camers is available, but the camer:. is recon-

(56)

mended for photography of méteors

Arktik: Nothing is Imown about this lens except the focal lenith given
in Table 5.

The neme suggests some connaction with the work in the irctic regions.

Tolemar: these are telephoto-lenses used in the AFA cemeras. Data for
Telemar-2 and Telemar-7 are given in Table 5. Both of thece have a narrow
field of view with fair resclution; Telemar-2, from 28 to 11 lires, and
Telemar-7, from 28 to 17 liner. There is another televhoto-lens liited in
Table 5, called the F3, which is apparently not of Telemar type, and may be

the British triplet of the same mark,

: ) Q gzi,’l Py i‘M \,
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Quarz Anostigmat: the only data so fer found are given in Table 5. It

i3 not even certain that this lens is of Russian manufacture.

Inlar. This objective is specifically designed for vhotography in the
infra-red and is mentioned only in cne :ource(Bz). The data are givsn in
Table 5, It is of an crdinery triplet type with elements separated and nega-
tive lens in the middle. TFrom the data in Table II, it ic evident that
Industar-A has also been designed for the infra-red reglon. The derigm of

the Iniar seems to be yuite analogous to the British Triplet, F-24.

Rodina™ The néme meané, "F:r.therland®, a distinctly nationalistic conno-
tation, dbut in fact it is a pun oa the name of the designer, V.S. Redin. fThis
lens is mentloned in cnly one recent source (1) of 1957 and apparently is &
new development. It is a very wide-angle objective, highly praised and quoted
along with Russar-19, 22, 25, 25a,‘29 and 33 as "an aerial pvhotogra;hy ob-
jective.," This may or may hot mean photogrammetry. The drawing of Rodina-2
in source (1) shows eight components, two of which are plane, paraliel slabs

of zlass. No more detailed description is availadble.

Yupiter: This series of lenses (table 4) is used in the ordim ry camers,
Kiyev, and due to residual distortion, is of no application to aerirl photog-
raphy. For other lenses nothing is known beyond information contained in
table 5, \

The general concluslon of the study of Soviet ienses is as foliows: the
Soviets have some very excellent lesnses of their own design and alsc many
lenses more or less based on forzign patterns. These lenses may be as vood

or even better than the original Zeiss lenses. The ovie! boact, in this
# See Figure 10, page 106 of Photographic Supplement, Appendix VII.

(T sl ol o
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connection, connot be dismisced as baseless since there are many indications
of their ability %o produce first-class optical instruments. It is 2lsoc ob-
vious that the data presented in this report are not complete and thare may

be other types of lenses for warious purposes about which we know nothing.

In this connection a significant remark is made in source (53). In discussing
the possible anplication of mirrors in zeriel photcgraphy in rlace cf lenses,
the authors point Qut that mirrors give a narrow field of view, but the high
quality of imnges obtained, "make us believe that mirrers will find their
‘application in aerial photography." AAppérently there 1s some exnerimentation
in this direction.

The related problem of astronomical equipment may be considere¢ here for
two reasons, The first is that there is less secrecy in the U,3.5.1. concern-
ing this subject than concerning equipmant for serial photography. The sec-
ond reason is that much closer contact between Americun and Soviet r.stronomers
has been possible than in the case of almost any other science. Sore astro-
nomical equipment, such as image converters, may also well find its anplicetion
in aerial rhotograprhy.

A report on Soviet astronomical ejuipment has been vrepared by Dr. Otto
Struve, one of the ouﬁstanding Anerican astronomers, and is reproduced sub-
gtantially as subnitted as Appendgx é. The general tenor of Dr. Struve's
report is in good agreerent with our appraisal of Soviet ortical development.
The report is of interest alsc, because 1t is an absolutely indenendent
approach to the nroblem,

We may note here that in the recent general assembly of the Acidamy of
Sciences, U.S5.2.R., A. .. "ikhaylov, director of the Pulizove observ:.tory,
definitely states(57) that Soviet astronomical ejuipment needs improvement

(r-; Lo ; s
| SR sod Y
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80 that the Soviet astronomers can surpass capitalistic countries in astro-
;hysical observation "as they have alrerdy surpassed them in the idenlogical
a,nd methodological respect.” It would ceem that the Toviels are con:cious
of this deficiency in astronomical instrumentation, ab lenst in regard to

large telescopes. The came idea was expressed without any reservations at

the International Astronomical Union Assembly in Jeptember, 10582,

2. Color Filters
Color filters, adapted for use with aerial photography by the Russiens

ars many but the situation in this respect is not very clear since Cifferent
gources give different data. Iuch experimentation is going on with filters

at the Ovtical Institute (GOI) and also at the Institute of Plastic: (GIN
PIASTMAS ). Source (52) lists ths filters used for aerial photograply as
though they were standard whereas source (32) describes an entirely different
get of filters but gnl;v' as oopniisd to one particular cemers, Tafa-?. Table

>

YII contains informrSion condensod from gource (52):

Table VII

COLOR FILTER: USED I ARRIAL PH(GIOGRAPEY IN THE U.5.S.R.

Filter Marl: Spectral Region in mp Color
1 Zhs-16 450 - 560 Blue-Yellow
Il Zhs-18 Loo - 560 Blae-Yellow
III 0s-12 530 - 600 drange
Iv 0S-14 560 - 5610 Orange
v Xs-14 620 - 609 Red

The following infri-red Jilters are mentioned: No, ©f, GOI with trens-

migsion 780 - 900; K5-10, 600 - 1000, znd KS-1Z, 900 - 1100 mu.

it phe TP
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3. Cameray
The finest lens is of no use unless it ig incorporated in o camera.
This involves detells of accomodation of the film, shutters with appropriate
gpeeds, filters, setc.

MK and MAE-1, These cameras are reproductions of fereign apparstus (so
admitted by the Soviets), the first being a copy of Zeiss, BMK 6-11, and the
second, of Eastman Kodak, K-1. However, the Soviets used the Russar lenses
in these cameras. These caﬁéras were found unsatisfactory for many reasons
and, after some little use for serlal surveys on scales of 1:50,000 and
1:100,000, they were disconfimud. Soviet cameras are known as AFA (Aero-
Foto-Apparat = Aerial Photo Camera), For precise photogrammetry, AFA-13,
MAFPA-17 and TAFA-2 are used.

AFA-13 was the first cémera developed by 'the Soviets. It used the ob-
Jective, Industar, was wholly automatic and weighed 30 klg. Because of its
long focus objective (30 cm.) this camera can be used only for large scale
photography on scales of 1:3,500 to 1:13,000,

MAFA-13 is the further development of the vreceding camers, AF2-13. The
long focus Industar objective is replaced by the short-focus Russar (10 cm.)
to make 1t usable for surveys of scales of 1:25,000 to 1:100,000. The shutter
is manufactured by the GOMZ, 3Both vacuum and mechanical clamping are used
to flatten the film, Shutter speeds are 1 /60 or 1/45 to 1/130. Efficiency
is 90 percent. The frame size is 180 mm. sq., using 190 mm. film ir rolls of
22, 5 meter-lengths and 150 exposurss. Intervalometer works 10 to 120 secornds
and the gross weight of the camera is 80 klg, “

Besides having fiducial marks, each negative has a statoscope and time

recording made by an additional Jobjective,
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The Soviets consider the main defects of this camera to be the unreli-
ability of the shutter and of the elsctric motor (0.1 HP fed by a 12-volt
generator). Apparently there 1s also metering trouble and the method of im-
Pressing fiducial marks cannot be congidered satisfactory.

TAFA-2 ig identical with the preceding, except that it has oniy one ob-
Vjective, the Russar-19, with shutter speeds 1/25 to 1/100, and with 90 per-
cent efficlency. The size of the photograph is 23 x 23 cm; which, with the
slze of the roll as 24 cm x 50 meters, gives about 200 exposures,

For aerial reconnaissgnce many other cameras are used., Most ¢f iiem
are automatic and some of fhem eppear Lo be of very fine design. ¢ince there
is an English translation éwailable(5b) of a very thorough description of
most of these cameras, it does not seem advicable to go into grent detail
here and the most important date are given in Table IV. The Soviet notation,
AFA 33/20 means AFA-33 with a camere lens of 20 cm. focal length. NAFA means
Night AFA; that is, a camera for night work used with flares. AShch AFA

means slit camera, known in the U.S.A. as the shutterless strip camars.

Table VIII
SOVIET AERIAL RECONNAISSANCE SHUTTERS

Camors Lens ~Kiad Speeds Jifigiency
AFA- 33/20 Orion-la Rotary 1/50, 1/100, 1/200 79 percent
A¥A- 33/50 Indugter A Louvre 1/75, 1/100, 1/300 55 percent
A¥A- 33/75 Telemar-2 Louvre 1/75, 1/100, 1/300 55 percent
APA- 33/100 Telemar-7 Louvre /75, 1/125, 1/200 55 percent
APA- 38 Industar-A Louvre 1/100,1/200, 1/300
AFA-. IM Industar-51 Curtain 1/200,1/300, 1/400 67 percent
HAFA-3g Industar-17 Louvre 1/50 60 percent
FAFA-13 Industar-13 Louvre 1/50 60 percent
DAFA-13-EZ Industar-13 Louvre 1/50 8C pesrcent
NA¥A-19 Industar-51 Rotary 1/50 6C percent
A Shch AFA-2.,(Rugsar-Plasmat

(Russar-25
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The last-named apparatqs deserves svecisl notice. It is not mentioned
in a 1947 sonrce(5h) but is described in the source dated 1949(53) walch
megns that it was presumably developea between these two years. It serves
the same purpose as the American apparatus, S-7, but.its constructional fea-
tures are quite different. The lenses, Russar-Plasmat and Russar-2%, are
mentioned only in this connection.

In a source(Ss) which does not deal specifically with photograrmetry,
the apparatus, A Shch AFA-2, is described at some length as one of the finesi
pchievements of Soviet instrumentation. It was developed by V.S. Semenov
who received a Stalin prize for its construction. The apparatus is definitely
used for reconnaissance under conditions of poor illumination and low altl-
tude when ordinary cameras are not usable. The record is obtained on eon-
tinuous rolls of film, 10 to L5 meters long.

" AD.2: This is a nine-lens apparatus designed by Drobyshev and used for
surveys on gcales of 1:100,000 to 1:20C,000. The focal length of all cameras
is 135 mm. with a/f = 1:4.5. There is a synchronized shutter with n effi-
clency of 82 percent. The combined fleld of view is 140°, and the iegative
slze 18 12 x 12 cm. The camera was decigned and menufactured as early as
1931, but it is not mentioﬁed in recent literature and is avpparently not used
ocurrently. The Russian point of view is that the development of wile-angle
Russar objectives wholly obviated the necessity of such cumbersome ind ex-

pensive apparatus.

o . meme X
T
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AEPENDIX ¥

Instruments for the determination of positién of the impulse type, and
the continuous wave (C.W,) type have been developed by the Soviets but this
development is surrounded by the utmost secrecy and it is very difficult to
come to any definite conclusion as to the efficiency and originality of such
instruments., The impression is, however, that the Soviet development 1s
along the lines of C,W. rather than the impulse type.

Of the fact that instruments of this sort are being used in geodesy in
the U,5.S5.R,, there can be no doubt. The official directions of ths GUGK
for the compilation of maps of scales of 1:200,000 and 1:100,000 specify the
use for control of ®astronomic and radiolocation points. Astronomic poinis
shoul& have mean errors not exceeding #1%0 in latitude and 40.%1 in longitude.
They should be corrected fof the deflection of the vertical on the basis of
gravimetric observations™. ‘Unfortunately nothing further is specified in
regard to “"radiolocation points‘.(29) Presumably they are expected ta be of
the same precision as the astromomical points, Many other statemenis of the
same nature may be quoted but none of them is explicit enough to warrant a
‘detailed analysis.

The related subject, that of radio-location as used at sea as «f 1949
is discussed somewhat more thoroughly(59). This reference states that vari-
ous instruments for the purpose of radio-navigation were developed by L.I.
Mandel'shtem, N.D, Papaleksi and 2. Ya., Shchegolev. These are the names

| usually quoted in connection with the development in radio-location on the

surface of the earth, Instruments called "radiocdalnomer® and "radiolag® are

cq Fad ﬂg:{, ‘a -»é-'
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mentioned. Both require two radio stations at each end of the measursd line.
Further,’the system “Loran®™ is described but it is not clear whether it ie
used in the U.S.S.R. The illustration showing action of Loran has for its
base, the map of the Eastern coast of America.

In 1930 Mandsl'shtam and Papaleksi obtained a patent for the det=rmina-
tion of position by means of radio using the phase-method. This metihod is
based on the difference in phase of radio-waves received by the shipy from
sending stations A and B (a family of hyperbolas). This is compared with &n-
other system of hyperbolas based on the phase difference between the signals
from another pair of stations C and D. The intervals between the stations
are taken either as 100 oy 200 knm., depending on local conditions., On this
principle several instruments were developed by Mandel'shtam and Payaleksi,
One of thesse instruments, the so.called Fazovyy Zond,"was copied by the British

and was called by them Decca or Navigator without any indication of the pri-

ority of Soviet scientists.®

There is no description of this "Fazovyy Zond® beyond the statement that
the main trensmitting station is in the center of the triangle formed by the
three subordinate stations, and that this apparatus is more precise than the
"Ravigator®., At a distance of 200 to 300 km,, the "Fazovyy Zond" is supposed
to record positions "within a fraction of a meter®, Observation is made visu-
ally as well as by a recording apparatus,

We have, then, from source (59) the names of three instruments used in

the U.S.5.R.,all of the C.W. type: -
Rugslan Name Meaning Approximate Wegter
squivalen
Pazovyy Zond Phase Sonde Decca
Badiolag 1 Lorac ¢
RBadiodal'nomer Radio Range Measurer Lorac

] A
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The "radioclag’ 1s apparently based on the principle of change «f phase
angle of radio wavas with the motion of one station in respect to the other;
it ie essentially a navigational instrument and as such is of no interest for
geodesy.

The "radiodal'anomer” is based on the measurement of a number of phase
cycles with the change of the wave-langth of the sending station. This ap-
paratus is of potential usegin geodésy.

The "fazovyy zond®, from its description, is hardly applicable to geo-
detic purposes.

Aseyev,(éo)

in a book published in 1951, gives the theory of the inter-
fersnce method (“Fazovyy Zond") as well as the impulse method of radioloca-
tion, (that is, th; same principle as Shoran) but does not supply any descrip-
tion of instruments.

We have to consult pre-war sources to get any details at all about Soviet
instruments for radio-location. Vodop'yanov, in his book "Radiolokatsiya”,
published in 1945, but whicﬁ gives a statement that the situation described
there refars to pre-war years, gives a few details about Soviet instruments(él).

The impulse range-findér of the Gouban type was developed at the Lenin-
grad Section of the Institute of Coﬁmunications in 1932 and was described by
Bonch-Bruysvich in that year, It wés used for the investigations of the iono-
sphere like the similar 1nstruments of Breit and Tuve, and others. The appa-
ratus of Mandel'shtam and Pépaleksi is described in a general way dut is con-
sidered as a further dsvelopment of similar apparatus of Zspenschied (1930)
and Alford (1937). |

The only data directly related to our problem have been found in a book(sz)

sdited by Mandel'shtam and Papaleizsi and published in 1945, The sxperiments

R "
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described there were made soms years previounsly. The radio-geodatic labora-
tory of TeNIIGAiK conducted a series of sxperiments in 1936-39 with the instru-
ments, RIR-1 and RIR-2 (Radio Izmsritel!’ BRasstoyaniy = Radio Range Distance).
Thesa were apparatus developed by Mandel'shtam-Papaleksi-Shchegolev and based
on the sams principle as the "Radiodal ‘nomer® mentioned above. The develop-
meat of RIR, and apparently of other similar apparatus, took place in the
Laboratory of Radio-Physics, Leningrad Industrial Institute and in the Labora-
tory of Oscillations, Institute of Pnysics, Academy of Scilences, U.5.8.R. The
RI1G-1 and RIG-2 apparatus was to be tegted for geodetic applications and the
followlng tésks were set wup:

() to reach a precision of from 5 to 10 meter: in the measure:nent of
distances of 20 to 120 km. With a 5-meter precision in the first case, the
relative precision would aﬁount to 1:4,000; in the second, 1:24,000. The
highest precision hoped for would Jjust about satisfy the requirements of
first order triangulation.

(b) to preserve this precision under all physical and geographical con-
ditions, {

(c) to develop methodg of determination of geodetic positions for topo-
-graphic and g;odetic work,

(4) to develop and manufacture apoaratus suitable for use under difficult
conditions.

As the result of these tssts, problems () and (b) were consicdersd solved
and the apparatus was recommendsd for mass production.

The description of actual tests confirms this optimistic attitude.

The following results.of determination of distances are quoted with their

N

mean error:

ey

2y, 3 -
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Bags Distance Mean Error Relative Mean Error
Rara-Shalikovo 34,515 met. + 0.5 met, 1:70,000
Nera-Kubinka 21,761 0.6 1:36,000
Pugaﬁev-&orelyy 450, 24 0.8 | 1:63,000

y

The only available description of the apparatus says that it 1s based on
the measurement of the difference in phase of radio waves betwsen ths sending
and reflecting station; thaf is, apparently of the "radiodal'nomer®" type, and
that the wave-lengths used were bstween 240 and 360 meters.

Ths small relative errors given above represent only consistency of
measures, Thers is no compérison between zeodetic distances and distapces
determined by the apparatus; RIG. In fact, the entire book is full o>f dis-
cussion about the uncertainty of the exact velocity of the propagation of
radio-waves, Unlesgs this pqint is sgttled all distance determinations madg
by means of radio-waves, ars incorrect.

Yor the detesrmination of distances at sea another apparatus, MP3hch-4
and MPShch-6, was used, There are said to be similar to RIG. The lstters
are abbresviations of the names of Mandel'shtam-Papaleksi-Shchegolev, the in-
ventors who, between 1932 and 1936, obtelned eight patents on these devices.
The precision obtained by méans of this apparatus is not vary impressive. At
the distance of 113,740 meters betwsen Cape Ray-Navolok and Island Ploskaya
Inda (White Sea), discrepanciss bstween the geodetic distance and ths radio
distance were from 10 to 160 meters, with a relative error of from 1:10,000
to 1:700.

Concerning the exact performance of the Soviet radio-instruments in

actual geodetic practice, very little information can be obtained. Nesmeyanov
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and Romanovskiy,(63) discussing the possible improvements of aerial surveying
methods state definitely that a precision of 1:10,000 at a distance of 30 k1m.
has been.achiaved by the method of radic-wave interference, and that ail in-
Aicationa ars that this mothod can be used for distances of up to 100-150 klm.
"In most regions radio-determinations in conjunction with astro-gravimetric
positions allow development of a reliabls geodetic network without the con-
struction of trigonometric ;ign&ls énd reconnaissance work®. Efficisncy of
this method is considered t; be greéter than that of ordinary geodetic methods.

Chobotarev,(sé) in 1945. says thaf,"the measurement of distances by the
method of radio-wave 1nterférence has long ago been incorporated in geodetic
practice and we have certaig achisvements in this direction®.

A Ya, Shcheg&lev,(éb) gnot the inventor mentioned previously but appar-
ently his brother) in 19&6,‘speaks of distances up to thousands of kllometers
that can be measured by radio—interferance methods, obviously an irresponsible
statement for public consumétion. ﬁe says further: ™The methods of radio
jinterference developed by us (apparatus MPShch) are used in problem: im which
esgpecially high precision i% required: for hydrogrephic investigation of seas
and for geodstlc wofk. Sucﬁ instruments will be aprlied in aerial surveying
for the compilation of maps?“

Fortunately we can mofs or less sstablish the precision in geodetic
measurenents made by radiojmethods as of the date, 1945. In that ysar on May
12th, N,D. Papaleksi delivered = paper on this subject at the meeting of the
TsNIIGAiK(65). The statement of this scientist is of much more value than 1s
the indefinite doasting of popular writers.

It is»evident from this paper that the problem of determinstion of dis-

tances by means of radio was taken up julte gseriously by the Soviets. As early

. e
-
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as Decembsr 25, 1934 a special coaference was organized by the TsNIICAiK to
consider this problem., Many sxpeditions were sent out with the followiﬁg in-

gstitutions participating:

TeNIIGALIK (Eﬁ&tﬁa%t£§§§%ﬁ§3° of Geodesy, Aerial Survey
Leningrad Polytechnical Institute

Institute of Physics, Academy of Sciences
Hydrographic Department, GLAVS EVMORPUT?
Bspecially important was the “recent® (1945%) expedition to the Caspian
Sea where various typss of aﬁparatns ware tested.
Papeleksi considers twoipieces of equipment already described, both of
which are based on the inter?orenco method: Radiodal'nomesr and Radirlag, dbut
only the first one is recomh;nded for geodetic work. We have for this

instrument:

D= K (aVY-ap)

K= 72;;Af
Af = difference of frequency
Aw = difference in phase
Ap = correction dus to physical condition of ground.

The precision of the measurement of distance D is destsrmin=d by two
factors:
(1) precision of apparstus and method (Af and AY)

(2) precision of determination of the velocity of waves, v,
entering into constant X.

After careful consideration of the problem, Papaleksi comes to the con-
clusion that there is no difficulty in controlling factor (1). It is only
necessary to go to shorter wave-lengths of the order of 1 or 2 meters and,
theoretically at least, the instrument can be made =s pracise as neelsd, How-

sver, the other factor cannot be controlled because it involves physical

\
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properties of the air (hunidity, temperature, barometric oressure) as well as
of the ground (conductivity end dielectric constant). Actual experiments
conducted by the TsNIIGAIK resulted in a precision of 10 to 15 meter: regard-
less of distance, over homogeneous ground and only of a precision of 20 to 30
meters ovar dissected areas, water, etc.

Papaleksi sees further development of the method by using microvaves
(the line of sight limitation) and s;tting up apparatus on triangulaion
towers (40 meters high) to get away from the disturbance produced by the
ground. Under such conditions geodetic distances of from 25 to 30 kim. can
ba determined,

If we take the highest precision quoted by him (10 meters), and the dis-
tance 30 klm,, the relative precision is then 1 3,000, quite unsatisfactpry
for geodetlc purposes. It is of the sames order of magnitude as measare;.made
Iin the White Sea in 1939, ?apaleksi ig aware of this and says plainly that
the troubls is not with the inégrument tut with the variation in the velocity
X produced by natural conditions. He advocates that prompt efforts snould be
nade to solve this problem both theoreticzlly and through experimentation.

In other articles he noints out that the velocity-I cannot be datermined
with a precision greater thﬁn 1 2,500 and until more is xmown, geodetic mea-
sures cannot be made prasciss enough for practical purposes.

Such was the status of the problem in the U,S.S.R. in 1945, Undoubtedly
much experimentation on the determination of the velocity of propagetion of
radio waves 1s going on in the U.5.S.R,, but nothing is allowed to gat into
print, In fact, a volume on the "Investigations on the Propagation of Radio-
waves'(és) published in 1648, contains nothing but theoretical invecstigations,

the only Soviet experiment qﬁoted there being of 1945, The difference between

o e g e
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this volume and the volume published by Mandelshtam and Papaleksi in 1945 is
striking, More recent Soviet theoretical papers invariably quote experiments
on the progation of radio-wﬁves made abroad rather than use their own results.

An interesting side-light onvthis problem is shown is a paper by O. A,
Gerasimova, "Resumd of expefiments abroad in the application of radio-location
methods in geodesy and cartégraphﬁ”(é?) published in 1948. The author states
that her report is based on:15 papers published in various foreign technical
periodicals, The authcr discusses in detail the Wright Field tests »f Shoran
and the British GH., 1In all this detailed dlscussion there is not & word about
the Soviet apparatus and not a hint whether the auﬁhor considers the American
and British results satisfaétory or unsatisfactory. It is quite different
from the usual boast that Séviat ingstruments are Just as good or even superior
to those made abroad, It 1§ evident that the subject of radic determination
of distances had becomé a state cecret in the U,3.S.R. by 1948,

Since there is nc detailed description of Soviet instruments later than
thoge of 1939, nothing can se said about their merits in comparison with simi-
lar instruments made in the West. It 1s, however, clear that the Russiang
tried to adapt radioc methods to geodesy at a much earlier date than wac done
in the U,5.A., and undoubtedly further experimentation with new modelc of EIG
and MPShch-€ has been conducted with more satisfacicry results than those

obtained in 1936-39.

C T T
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APPINDIX Y1
oY STRONOMICAL 1N 0

Gengral Bamarks:
' A consideradle numbar of Soviet publications have been reviewed result-
ing in the following general conclusions: |

a) Soviet instruments are of superior design in the field of photog-
raphy with short focus lensés and in the constructioh of medium size meniscus-
type Schmidt type telescopss., The Soviets have made no attempt to tuild any
large instruments, but it wguld appear that the technological progress made
gince the end of the firast ﬁorld war has been sufficiently large to justify
the balief that they could,lwithout too rmuch difficulty, build any inatrument
up to about 200 inéhes in aperture.

Particularly impressive are the imags converters which have bera used in
practice in the U.S.S.R. bui of which no detailed description has been found.
From the resﬁlts on the spe?trum of the night glow and tha observations of
golar prominences at a wave length of 10,000 A, one would infer tha® they have
gurpassed in this particular field any instrunents now available in the Unjted
States. Image converters for astronomical purposes are under construction at
the Yerkes Observatory but thus far no results have bezn announced, In Paris
succs:sful image converters have been built by Iallemand, dut from the avail.-
able descriptions one would be inclined to believe that the Soviet image con-
verters are superior in sensitivity and in wave length range.

The question of secrecy is one that becomes apparent as one systematically
surveys the Soviet literaturs. One has the impression that the Soviets ars

permitted to refer rather freely to astroncnical instrument construction,

c ﬁ« 7f‘ ﬁ‘
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provided that these instruments have been built in observatory shops‘or in
pre-war Russian factories and scientific departments of various organizations.
On the other hand, instruments built in Germany by Zeiss or in U.3.35.R, by
German firms that were moved from the eastern part of Germany to the Coviet
Union are described without refersnce to the maker. In one case an impression
was formed that a modern 1n§trument described by the Soviets was actually dbuilt
by Zeiss or by engineers who formerly were connected with Zelss,

There is also an obvious tendency not to reveal the existences of any
radio instrumuents which almést certalnly exist but which have never bdesn men-
tioned in any of the articles on this subject. It is quite clear that the
Soviet radioc astronomers, for example, Shklovsky, have access to all the
modern technlques and that ﬁhey are fully capable of axploiting thes: results.

The qﬁestion which remains open is whether they are able to ruls diffrac-
tion gratings of the kind ndw being made in this country at Johns Hopkins
University and at the Mount‘W1lson Observétory. The only raference o a
gratling spectrograph does nqt indicate the source. It may be an old grating
purchased outside of the U.S.5.R, before the war.

With regard to photographic plates, it is obvious that they manafacture
gseveral different kinds but that most of their own emulsions are slover than
those made in the Unitad States. The only exception appears to be a photo-
visual emulsion dgveloped b& Martyﬁov in ecollaboration with a U.5.5.2, plate'

manufacturing concern.

Manufacture of Optical Glass

a) For telescopes
D, D, Maksutov(lz) speaks of "pre-war experience...gained in the

QLT T
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making of three kinds of ultraviolet glass (Xron, K-8, Flint, F-1; and heavy
flint, T F-1)" which wsre not only as good as foraign makes of UV gliss but
rather surpazsed them in quality.®

The optical constants of K-8 and F-2 are as follows:

-1 n,! -1
Glass  n -1 > ny - 1 G ne -n_ ¥
¥o Ye ¢
0.51630 svar 0252646
K-8 cz’.5139o Saose 052196 s 0.00806 64.06
0.61640 0, 63869
F-2  0.61160 ——«-1-———0.7150 0.62844 22 0.01684 3€.560

This statement appears on page 57: "We havs previously used mostly ;lass K-8
(for meniscus telescopes), but it should be poasibles to find some more favor-

able kind from among the many glasses made in our country.®

b) FKor mirrors
It is probable thaﬁ Maksutov has used some kinds of glass resembling

our pyrsx, but he prefers metals.

Matals for Mirrors

Meksutov describes expériments made in his laboratory with diffarent
metals and different forms of castings. Copper, then silver, and thon stain-
less steel, were found to be free of the "edge-sffect® due to changes in the
temparature, "After 13 yeafs of experimentation I have reache=d the Tirm con-
victioh that it is impossible to obtain with glass a really high grale re-
flector, and that in the future, metallic mirrors will be largely usad.®

The idrgest mirror of metal descrited by Maksutov, has a diamstsr of

210 mm. This mirror was made of stainless steel: EZh-2 steesl with impurities:

Cr 13 - 15 per cent
Kl 0.6 "
Si 0.7 "

Lt sy ailin
) >
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¢
Mg 0.5 per cent
c 0.13 - 0,23 per cent

Hardness - 197 (Brinel's scale)
The parabolic mirror was made in thres days, in 1937. There were nu changes
until 1943, when it became astiématic after having fallen to the fluor from
& height of one meter. Thg‘problem of the internal strgsses has not yet bean

adequately solved.

Aluninizing |

These techniques were developed in the U,S.5.R, in 1934, Better methods,
not descridbed, are said to ﬁe unier investigation. Also, the techn:jus of
making non-reflecting coatiﬁgs for transparent optical parts is fully described.
| Maksutov states that his laboratory makes the best "plane and ron-spherical

surfaces.® He is prepured to extend the size of his mirrors to 3 metars,

Pgdtaé;egtr;c Photometry

B, V. Kikonov and E, K, Nikonova describe(68) a new stellar phctometer
which employs a Russian—madg photomultiplier (FEU - 17) having Caesium-sulphide
photocathodes "which in its parameters surpasses the American made photomul-
tiplier 931-A." The precision of astrénomical measurements with this instru-
ment 1s about the same as in the case of comparable American photometars,

The limiting brightness is not stated, but is probably also similar to that

of our own instruments.

Meridian Circles
L, D. Agafonova and A. I, Nefed'yeva(69) describe the old meridian circle

at Kazan. This instrumsnt was built by Bepsold im 1845, and it is s:ill in

use. ¥rom this work it is possible to infer that no major fundamental _

e e
Approved For Release 1999/09/01 : CIA-RDP79-00202A000100080001-8
- 90



Approved For Release 1999@51@%3%’79-00202A0001 00080001-8

improvements have been introduced in Russia in the construction of meridian

telescopes,

Heliometers

Thess instruments have been long ago abandoned in most countries., At
Kazan -~ Engelhardt A, A, Hefed'yev(69) describes current investigations which
are in progress with a heliometer constructed by Repsold in 1874. 1In this

respect there has been no new development in the Soviet Union.

Electro e Converters

Writing in the America# Scientist(7o) about recent work on the night glow
of air, J. Kaplan remarked:‘.'Krass§vsky, working in Russia, observel the 0-2
Pand at 9976 A, an accompliéhment th;t must be notsd with special interest,
when 1t is realized that the most intense infrared emission at 10,4404, first
observed by Stebbins, Whitfqrd, and Swings in 1944, would reguire 1,700 hours
exposure of a bypersensitized Zastman 1-Z plate and an f/1l spectrograph having
& dispersion of ZOOQ/A mn, Krassovsky accomplished his important ob:ervations
by using a prismatic spectrograph and Cs-O-Ag elsctron image convertsr."

An image converter was also used by G. S. Ivanov-Kholodnyy(7l) for re-
cording the infrared line of He I, XA 10830 in solar prominences. Th: dis-

persion was 8 A/mm. No details of the convertsr are given.

Schmidt Telescopes and Mak ‘tov- e Mapisc Talesco

A Schmidt telescope, constructed by Maksutov in 1937, for the Kazan-
Engelhardt Observatory is describasd by D. za. Martynov in Izv, Engelhardt-
Kazan, No. 27, 1951. The diameter of the correcting plate is 381.5 mm, that
of the spherical mirror is 517.7 mm; f/2.5. The platsholder contain. a fisld-

flattening lens. The instrument is in all respscts comparable to Schmidt

telascopes of similar size in the U,S.A,
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Photogra hic Plates and Materials

Martynov, in a description of the Xazan-Engelhardt Schmidt tele:.cope,
states that Agfa-Astro plates are used, also I1ford Fine Grain Ordin.ry HD 45 -
for blues-violet light. Apparently these are faster than Soviet made emulsions.
But in the red region he uses Soviet Panchromatic film HD 900.

A photovisual emulsion similar in sensitivity (with respect to %) to the
human eye was developed by Martynov in collaboration with "the sclen=ific
laboratory‘of factory Wo. 8;" The sensitivity was very great (mag. 15,6 pv
in 10 minutes). On blue se#sitive Agfa Astro the same instrument gives mag.
16.0 . in 5 minutes. As far as could be judged, German made color filters
have been used in this work.

0. A. Mel'nikov has uséd Kodak 103a-0 plates with his new (1943) u.v,
spectrograph(72).

G. S. Badalian(73) uses Agfa Astro and Panchrom. plates of German make,

with Paurantia® filter, probably also of Cerman make.

Horizontal Telescope |
3
Sh, T. Khabibullin deseribes such a telescope(ég). Its purpose is the

study of the physical 1ibrafion of the moon.

The precision-coelostai was built by the Sovist factory, GOMZ. The ap-
erture of the plane mirror is 300 mm. The stability of the reflected ray was
guaranteed to.% 1%, but actually gives only 5" to 7".

The photogfaphic aplangtic objective of f = 8000 mm, f/65 was nade ac-
cording to Kazan Obs. speci%ications, but the name of the maker 1s act given.

During the observationrs serious difficuities were encountered 'vrith the

seeing,

T CiR R,
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§ggctrog;anhg
(72) U
0. A. Mel'nikov and B. K. Ioannisiani describe a new slitless YV

spectrograph and its tests made at high elevations.

The telescope of 250 mm aperture consists of a parabolic mirror and
Cassegrain sacondary, quartz Cornu-type orism and a quartz doublet luns,
aperture 46 mm, £ = 280.1 mm,

Photographs of the comﬁleted instrﬁment regemble pre-war telascoipes m;de
by Zelss. The specificatioﬁs wer: made by Mel'nikov at Pulkovo and his col-
laborators. In 1946 ®the Pulkovs Observatory requssted B. K. loannisiani to
desizn the telescope....." ‘The construction was completed in 1946-47 "in
the factory, with the close‘participation of P, V. Dobychin."

The tests were made at an elsvation of 3250 meters in Armenia, in 1949.
The results indicate essentially what might have bzan expected: Somswhat im-
proved penetration into the‘UV region of stellar spectra, but never short of
A 3000, An identical instrument was built for the Byurakzn Observatury(7u),

but again the ﬁaker‘s name is omitted.

Photogravhic Tele:scopes
Bull. Stalinabad Astr. Obs. No, 2 (1952) mentioned the installntion of

a new Zelss astrograph "Triotar" (D = 92 mm, f/4.5)

G. S. Badalian(73) uses an "Ernostar® 5-inch astrograph of Geruaan make.

Spectroheliograph

G. A. Monin and A. B, Severnyy(75) describe a new spectroheliosraph con-
structad in the shop of the Simei:z Observatory. The soler image is formed by
s 20 cm parabolic mirror and has a diameter of 8 cm, The collimator and

camera are 15 cm aperture mirrors with £ = 6 meters. The digpersinz unit is

TORET
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2 plane grating 50 x 70 mm in slze, with 600 lines per mm. The maker of the

grating is not stated - probébly it 1s not of Soviet manufacturas.

Badio-Astrogomy

Observations of meteors are mentionsd by A. Savrukhin(76) #*For rndio-
acoustic observations a receiver of the type "Record® was used. A vertieal
antenna (aluminum tube 7 meters in length znd 50 mm in diameter) was connscted
with the recesiver. No trace of acoustic effects was found in the range of
short waves used (10 mgze) from metsors of apparent magnitudes, -1, -7, -3

and even -7.
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APPENDIX VII

PHOTOGRAPHIO SUPPLEMENT

gsECRET
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1.
2.

3.

10.

Flg. 1 - Obliqub Stereocomparator
("Naklonnyy Stereokomparator)

Carriasge of Coordinates x, ("Karetka Koordinat xl“)
Carrisge of Parallaxes ("Karetks Parallaksov")

and 4. Movable Parts of the ("Podvizhnyye Chasti
Objective of the Binocular Ob"yektiva Binokulyara")

Immovable Binocular ("Kepodvishnyy BinokulYyar")
and 7. Olass Scales 6 and 7 (®Steklyannyye Shkely 6 i T%)
Transverse Scale & ("Poperechnaya shkala 8")
Note: This is called "shkale
8 in the text but appears
as "G" in the photograph.
Microscope 9 ("Mikroskop 9%)

Parallax Screw 10 ("Parallakticheskiy Vint 10%).

Source: Drobyshev, F.V., Fotogrammetricheskiye Pridory i

Instrumentovedeniye. Moscow, 19%1.
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Fig. 2 - Design of the Optical Lay-out for Readings of Coordinates
and Parallazes in the "Naklonayy Stereokomparator®,
(Oblique Stereocomparator).

("Skhema opticheskogo ustroystva dlya otechetov kocrdinat
i parallaksov v naklonnom stereokomparatore®),

. ] L]
1. Scale x,; (*Shkala x, ).
2. Immovable Optical System ("Nepodvizhnaya Opticheskaya
for Scale 2,3 Sistema dlya Shkaly xl').

3. Optical System of Carriage ("Opticheskaya Sistema Earetki p").
of p (Parallaxes);

4. Scale of Parallaxes p; (*Shkala Parallaksov p").

.5. Scale of yi; ("shkala y;*)

6. Optical System for Scale ("Opticheskaya Sistema
of yyi dlya Shkaly y,*).

7. Block of Three Prisms; ("Blok iz trekh prizm").

8. Microscope; ("Mixroskop®).

Source: Drobyshev, F.V., Fotogrammetricheskiye Pribory i
Instrumentovedeniye. Moscow, 195).
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Fig. 3 - Oetical System of the Qblique Stereocomparator.
("Opticheskays Sistems Baklonnogo Stereokomparatora®).

1. Pentagonal Prism; ("*Pentaprisma®),

2. Small ObJective;b ("Malyy Ob*yektiv®),
3. Mark; ("Marka®)

4. Pentagonal Prism; | (YPentaprizma®).

5. ObJjective; ("Ob¥yektiv®),

6. Prism; A(¥Prizma").

7. Objective; ("Ob¥yektive)

8. Prism with Five Reflections; ("Prisms s Pyat'yu Otrazheniyami®),
9. Rhombic Prism; ’ ("Rombicheskaya Prizma®).
10. Ocular (Eyepiece); (*Okulyar®),

Source: Drobyshev, F.V., Fotogrammetricheskiye Pridory 1
Instrumentovedeniye. Moscow, 1951.

~ :
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Fig. 4 - The Drobyshev Stereopantometer SPD-1.
("Stereopantometr SPD-1 Drobysheva").

Source: Katalog-Spravochnik Laboratornykh
Priborov i Oborudovaniya.

Mashgiz, 19495.
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Fig. 5 - Working Parts of the Drobyshev Stereopantoheter SPD-1.

1, Frame 1; The device is set up on a drawing bdoard
(*Stanina 1%) which has two windows, locatsd counter to
the windows of frame 1, which serve for
the lighting of the negative.®

2. Carriage 2; ¥Along the X - X axia is located the
("Karetka 2%) circular track for support of carriage 2,
which consists of a holder, of two rollers,
of a transverse track and of a supporting
ball-bearing roller. This carrlage has
three points of support and moves along
the X - X axis.” '

3. Carriage 3 ®Carriage 3, consisting of a holder and of
("Karetka 3%) two rollers and a rod 5 with a pencil 6,
also has three points of support and movzs
on carriage two along the Y - Y axis."

4. Transparent Disks 4; fgarviage 3 carries supports with trane-
(*Prozrachnyye Kruzhki 4%) parent disks 4, in the center of which

are points which are measuring marks.”

5. Rod 5; Sgelﬁo. 3, above.
(*Shtanga 5")

6. Pencil 6; See No. 3, abovs.
("Zarandash 6%)

7. Plate 7; "Plate 7, with a projection presscd by
{"Plastina 7") roller 8 with the ald of spring 7, has

a parallax device®.
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8.

10.

1l1.

13.

14,

Source:

Roller 8;
(¥Rolik 8%)

Spring 9;
(YPruzhina 9")

Serew 10;
("Vint 10%)

Plate 11:
("Plastina 11¥)

Rollers 12; ‘
(*Roliki 12%)

Spring 13;
("Pruzhiaa 13%)

Screw 14;
(*Vint w4m),

See No. T, above.
See No. T, above.

*Screw 10 pushes into plate 7 and
measures the longitudinal parsllax P
of the photograph by way of moving
along the X - X axis of plate 11,
which has a projection which is
pressed by rollers 12.

See No. 10, above,
See No. 10, above.

"With the action of spring 13 screw
14 pushes into plate 7 and measures
the transverse parallax P by way

of moving the photograph along the

Y - Y axis."”

See No. 13, above.

Katalog-Spravochnik Laboratornykh Pridorov i
Oborudovaniya.

Mashgiz, 1949.
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Fig. 6 - Topographic Stereometer
(*Topograficheskiy Sterecmetr®).

Source: Drobyshev, F.V. - Fotogrammetricheskiye Pribdory
, i Instrumentovedeniye.
Moscow, 1951.
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Pig. 7 - Design of Topographic Stereometer.
("Skhema topograficheskogo Stereometra").

Source: - Drobyshev, F.V. -~ Fotogrammetricheskiye Priﬁory
i Inetrumentovedeniye. Moscow, 1951.

1. Base Carriage; ("Osnovnaya Karetka").

2. Support of Longitudinal ("Support Prodol'nykh
Parallaxes; Parallaksov").

3. Repeating Support; (PPovtoritel'nyy Support¥).

4. Rod, Carrying Slide ("Sterzhen', Nesushchiy Dvizhok ft").

5. Rod, Carrying Slide AH; ("Sterzhen', Nesushchly Dvizhok AHY).

6. and 7. BRulers of Conver- ("Lineyki Eonvergentnogo Ustroystva").
gent Device;

&. Correction BRuler; ("Korrektsionnaya Lineyka").

9. Rotetion Axel (Pim) of ("Os' Vrashcheniya Korrektsionnoy
the Correction Ruler; Lineyki").

10. Guide Roller; ("Vedushchiy Rolik").

e - Center of Rotation of Wire Holder; ("Tsentr Vrashcheniye Niteder-
zhatelya"),
p - Screw of Longitudinal Parallaxes; ("Vint Prodol'aykh Parallaksov").

r-Bun of Level of T-shape Device; ("Dlina Rychaga T-obraznogo
Ustroystva").
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Fig. 8 - Kern Stersometer
("*Kern-Stersometr®),

Source: Drobyshev, F.V. - Fotogrammetricheskiye Pribory
i Instrumentovedeniye.
Moscow, 1951.
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Fig. 9 - Design of Kern Stereometer.
("Skhena Kern-Stereometra®).

1. Rack Screw; (*Vint Kremal'yery").

2. Hand Pilot Whesl; ("Shturval*).

3. Wire-holder; ("Hitederzhatel'¥).

4. Roller; ("Rolik").

5. Correction Ruler; (*Korrektsionnaya Lineyka®).

Note: The word at the top of the drawing is: Stereoscope
("stereoskop”).

Source: Drobyshev, F.V. - Fotogrammetricheskiye Pribory 1
Instrumentovedeniye.
Moscow, 1951.
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Fig. 10 - Various Kinds of Aerial Survey Objectives.
("Razlichnyye Vidy Aerosyemochnykh Ob¥yektivov.").

a ("a") - YRuasar-19%;
b (¥ 6") - YRussar-25";
c (" %) -~ "Russar-29";
a(» ‘!"") - PRodina~2";

e ("d%) - "Russar-31".

Source: Mikhaylov, V. Ya. - Fotografiya i Aerofotografiya,
Moscow, 1952, Geodezlzdat.
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